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WAR  DEPAETMENT, 
Office  of  the  Chief  Signal  Officer, 

Washington^  D.  C,  September  15,  1882. 

Sir  :  Since  my  last  annual  report  the  Signal  Service  has  greatly  in- 
creased its  usefulness.  What  advance  has  been  made,  however,  has 
been  in  spite  of  diflBculties  greater  than  have  been  experienced  since 
the  organization  of  the  weather  service.  Although  the  work  of  the 
corps  has  grown,  there  are  fewer  officers  to  do  it,  and  for  the  fiscal  yeai 
1883  I  have  855,000  less  for  observation  and  report  of  storms  than  was 
actually  expended  in  1880, 1881,  or  1882.  Eleven  new  stations  have 
been  added,  si)ecial  reix)rts  are  made  for  the  cotton  and  tobacco  grow- 
ing regions  of  the  country,  and  the  means  for  giving  warnings  to  the 
cattle  raisers  of  Texas  against  the  approach  of  "northers  "  have  been 
improved,  and  now  it  is  exfiected  that  the  increased  work  is  to  go  on,  and 
that  the  service  is  to  continue  meeting  the  growing  demands  of  the 
country  upon  it  with  a  smaller  appropriation  than  it  has  had  for  a 
number  of  3'ears. 

For  several  months  two  officers  only  have  been  available  for  "  indi^- 
tion  "  work.  The  wearing  duties  of  weather  prediction  ought  not  to  be 
thus  imposed.  The  exactions  of  the  work  are  so  great  that  two  men, 
or  even  three,  must  soon  wear  out  under  them.  The  weather  service 
of  the  country  ought  not  to  be  dependent  on  the  health  of  two  officers. 
When  all  the  instructed  officers  of  the  corps — those  who  are  prepared 
to  make  weather  indications — are  in  Washington,  there  are  seven. 
One,  Lieutenant  Greely,  is  at  Lady  Franklin  Bay,  and  it  is  expected 
that  he  will  remain  there  two  years  longer.  Another,  Lieutenant 
Powell,  is  in  command  of  the  supply  expedition  that  has  gone  to  Point 
Barrow.  He  is  expected  back  this  fall,  when  there  will  be  six  indica- 
tion officers  on  duty  in  Washington.  The  time  of  all  these  officers 
should  be  completely  occupied  in  scientific  work.  The  data  collected 
by  the  weather  bureau  should  be  constantly  studied  for  the  purpose  of 
determining  accurately  the  laws  that  govern  storms.  The  accumula- 
tions are  so  great  that  at  least  three  of  the  six  officers  could  find 
constant  employment  in  their  study.  Three  instructed  officers  are  now 
doing  administrative  work.    Their  places  should  be  supplied  by  others. 
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It  is  hoped  that,  in  time,  all  the  officers  of  the  corps  will  be  instructed 
meteorologists ;  but  until  that  time  shall  come,  it  will  be  necessary  to 
rely  on  details  of  uninstructed  officers  for  the  performance  of  the 
administrative  work  of  the  office.  At  least  three  officers  are  needed 
for  this  purpose  now,  and  I  respectfully  suggest  the  detail  of  that  num- 
ber. One  of  these  will  take  the  place  of  Lieutenant  W.  E.  Birkhimer, 
who  had  charge  of  the  military  tol^graph  lines. 

The  force  employed  at  the  office  to  carry  on  the  work  of  the  different 
divisions  numbers  one  hundred  and  thirty-four  men,  and  it  is  hardly  suffi- 
cient to  conduct  the  growing  business,  of  the  ser\ace.  This  force  receives 
and  files  three  hundred  and  sixty-one  daily  service  telegraphic  reports, 
an  increase  since  last  year  of  one  hundred  and  fourteen ;  eight  hundred 
and  seventy-four  international  daily  simultaneous  rejjorts,  an  increase  of 
three  himdred  and  fifty-three  j  seventy-four  reports  from  the  medical 
corps  of  the  army,  a  decrease  of  nine;  forty-five  reports  from  United 
States  naval  observers,  an  increase  of  nine.  These  make  a  total  of  1,499 
reports.  All  the  telegraphic  reports  come  in  cipher  and  must  be  trans- 
lated before  they  can  be  used.  The  cipher  is  used  for.purposes  of  Economy. 
All  the  reports  from  the  regular  stations  of  the  Signal  Service,  from  four 
hundred  and  ninety-two  points  from  which  voluntary  observers  send  daily 
reports,  and  from  three  hundred  and  eighty-two  foreign  places  from  which 
reports  of  daily  simultaneous  observations  are  sent,  come  to  this  office. 
From  this  great  collection  of  data  are  made  the  weather  forecasts  that 
are  sent  to  the  daily  press  by  telegraph,  the  charts  and  bulletins,  and  the 
daily,  weekly,  and  monthly  pubhcations  of  the  office.  With  the  weather 
forecasts  the  system  of  cautionary  signals  ought  to  be  mentioned,  for 
they  are  based  on  the  same  data. 

The  duty  of  inspecting  the  stations  of  the  Signal  Service  is  very  im- 
portant. It  cannot  be  performed  by  the  regular  inspecting  officers  of  the 
army,  for  it  involves  the  examination  of  the  instruments  at  each  station, 
and  their  comparison  with  standards  which  the  inspecting  officer  carries 
with  him  from  the  instrument  room  of  this  office.  This  duty  must  be  per- 
formed by  officers  who  are  instructed  in  the  use  of  the  instruments  em- 
ployed by  the  service,  in  signaling,  and  in  telegraphy.  All  the  officers 
who  were  especially  depended  on  for  this  work  have  been  relieved  from 
duty  since  I  assumed  charge  of  the  Signal  Service.  Their  places  should 
be  filled  at  once,  and  I  think  it  necessary  that  I  should  have  at  least  two 
officers  detailed  for  this  purpose.  At  present  there  is  no  one  properly 
available  for  inspection  duty,  unless  he  shall  be  taken  from  scientific 
work  of  a  higher  character,  for  the  doing  of  which  he  has  received 
special  instruction.      • 

The  difficulties  of  the  service  are  largely  to  be  accounted  for  by  reason 
of  the  defective  organization  of  the  corps.  It  is  probably  the  only  corps 
of  an  army  that  has  two  grades  of  rank  alone  for  its  officers.  Between 
the  chief,  who  is  a  brigadier-general,  and  the  second  lieutenants,  who 
come  from  the  enlisted  men,  there  are  no  grades.  All  other  officers  con- 
nected with  the  service  are  detailed  from  the  line  of  the  army.    This 


REPORT   OF   THE    CHIEF    SIGNAL   OFFICER.  3 

state  of  affairs  is  satisfactory  neither  to  the  line  of  the  army  nor  to  this 
corps.  How  it  has  affected  the  Signal  Service  is  shown  in  its  poverty  of 
officers.  How  it  affects  the  line  of  the  army  is  shown  by  the  objections 
made  whenever  a  detail  of  an  officer  is  asked  for.  As  the  corps  is  of  the 
army  it  ought  to  have  a  complement  of  officers  of  its  own.  Its  useful- 
ness ought  not  to  depend  on  details  from  other  branches  of  the  sendee. 
The  bills  which  have  been  reported  favorably  from  the  mihtary  com- 
mittees of  both  the  Senate  and  House  of  Eepresentatives  embody  the 
correct  principle  of  organization.  There  should  be  not  only  other  grades 
between  the  brigadier-generalship  and  the  second  lieutenancies,  but  the 
second  lieutenants  ought  to  be  in  a  line  of  promotion.  Under  the  exist- 
ing law  an  enlisted  man  can  never  reach  a  higher  rank  than  second 
lieutenant,  an  anomaly  in  military  organization. 

In  his  last  annual  report,  the  Secretary  of  War  recommended  to  Ck)n- 
gress  that  the  corps  should  have  a  permanant  organization.  It  is  neces- 
sary that  the  army  should  always  possess  such  a  body  of  men  as  is 
found  at  present  in  this  corps,  instructed  in  the  use  of  signals  and^n 
telegraphy.  The  constant  study  of  this  subject  in  Europe  has  so  far 
developed  the  art  which  received  a  great  impetus  from  the  operations  of 
this  corps  during  the  war  of  the  rebeUion,  that  a  well-trained  signal 
corps  is  an  essential  feature  of  every  army.  Our  own  army  is  to  be  con- 
gratulated that  its  signal  corps  has  found  a  field  of  activity  in  peace 
that  maintains  its  discipline  and  keeps  full  its  ranks.  The  military  duties 
of  the  corps  are  strictly  performed.  The  post  at  Fort  Myer  is  under 
thoroughly  good  discipline.  The  battalion  is  organized  and  under  drill. 
And  while  the  military  feature  of  the  cori>s  is  thus  preserved,  because  it 
is  of  the  first  importance,  its  scientific  work  is  done  better  than  that  of 
any  other  meteorological  service  in  the  world.  Its  weather  predictions 
are  from  20  to  25  per  cent,  nearer  accuracy  than  the  predictions  of 
any  other  service.  The  average  of  verified  indications  for  the  fiscal 
year  ending  June  30, 1882,  was  88.2  per  cent. 

The  answer  to  those  who  talk  of  giving  the  weather  work  to  a  civil 
bureau  is,  that  the  work  is  well  done  in  the  army;  that  the  observers 
could  not  be  kept  on  some  of  the  more  exposed  stations  if  they  were 
not  soldiers  and  under  orders ;  and  that  while  now  the  entire  cost  to  the 
government  of  the  men  who  do  the  work  is  tess  than  $450,000  a  year, 
the  co^t  of  the  salaries  alone  of  the  same  number  of  civilian  clerks 
would  amount  to  more  than  $600,000.  I  trust  that  at  the  coming 
session,  Congress  will  take  speedy  and  friendly  action  on  a  subject  of 
such  great  importance  to  the  army,  and  to  the  commercial  and  agricul- 
tural interests  of  the  country. 

SCHOOL  OF  INSTRUCTION  AT  FOET   MYER. 

The  school  of  instruction  at  Fort  Myer  has  been  reorganized,  and  the 
course  of  instruction  for  both  officers  and  enlisted  men  of  the  Signal 
Corps  has  been  extended  to  include  those  branches  which,  when 
thoroughly  understood,  will  render  the  services  of  the  signal  officers 
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more  valuable  in  time  of  war,  and  prepare  the  enlisted  men  of  the  Sig- 
nal Corps  for  original  investigation  in  the  science  of  meteorology. 

The  course  of  military  signaling  has  been  supplemented  by  a  course 
of  military  surveying,  field  reconnoissance,  and  use  of  instruments, 
which  will  add  to  the  efficiency  of  all  officers  instructed  at  this  school. 

The  value  of  military  signaling  in  time  of  war  has  been  conclusively 
demonstrated  in  recent  military  operations,  and  I  have  directed  that 
special  attention  be  given  to  this  subject  in  the  course  of  study  at  this 
post. 

The  value  cf  the  heliograph  in  maintaining  long  lines  of  communi- 
cation by  means  of  sun  flashes  has  been  demonstrated  both  at  Fort 
Myer  and  in  active  campaigns  against  the  Indians  in  Arizona.  Instru- 
ments were  furnished  by  this  office  to  the  officer  in  charge  of  the  mili- 
tary' telegraph  line  in  Arizona,  and  to  Lieutenant  Mans,  who  reports 
the  results  of  his  experiments  (see  appendix  No.  1). 

Lieutenant  Mans  reports  that  he  communicated  messages  over 
raRges  of  from  twenty-five  to  forty  miles,  and  states  that  in  his  opinion, 
with  the  advantages  which  this  section  offers  for  the  selection  of 
stations,  the  distance  cou^  be  extended  to  sixty  miles  and  the  mes- 
sages read  without  the  aid  of  a  glass.  A  description  of  the  instru- 
ment used  will  be  found  in  appendix  No.  2.  This  mode  of  communi- 
cation has  been  used  by  the  United  States  Coast  Survey,  in  the  work 
of  triangulation  during  the  past  forty  years,  and  over  lines  ranging 
from  twenty  to  one  hundred  and  ninety-two  miles  in  length. 

The  course  of  instruction,  as  now  arranged,  will  place  at  the  dispo- 
sition of  the  War  Department  a  force  of  five  hundred  men  carefully 
selected,  thoroughly  disciplined  as  soldiers,  qualified  not  only  to  per- 
form the  duties  of  the  Signal  Service  hi  time  of  peace,  but  trained  in 
military  signaling  and  able  to  assume  charge  of  signal  parties  and 
operate  military  telegraph  lines  should  such  service  be  required. 

The  enlisted  men  of  the  Signal  Corps  are  selected  after  careful 
examination  as  to  their  mental  and  i)hysical  qualifications.  With  a 
view  of  raising  the  standard  of  the  peraannel  of  the  enlisted  force  of 
the  Signal  Corps,  I  have  solicited  the  co-operation  of  the  presidents  of 
the  various  colleges  throughout  the  country,  bringing  to  their  attention 
the  opportunities  which  this  service  presents  to  young  graduates.  A 
number  of  young  men,  qualified  for  the  pursuit  of  scientific  studies, 
have  been  secured  for  two  classes  organized  at  Fort  Mjer,  and  it  is 
believed  that  a  continuation  of  this  plan  will  add  much  to  the  value 
of  the  work  of  this  service.  Enlisted  men,  except  those  of  the  per- 
manent party,  are  required  to  pass  a  course  of  preliminary  training 
in  drill  and  signal  duties,  field-tele^aphy,  and  meteorology. 

The  enlisted  force  of  the  Signal  Corps  is  of  unusually  high  character, 
and  I  desire  to  fill  vacancies  by  the  enlistment  of  young  men  of  good 
college  standing,  who,  with  minds  already  disciplined,  possess  those 
manly  qualities  without  which  learning  and  industry  are  so  often  per- 
verted to  unworthy  ends.     I  hope,  in  this  way,  to  furnish  from  the 
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ranks  of  the  Signal  Corps,  men  who  maj'  take  high  standing  in  the 
t^cience  of  meteorology. 

All  men  enlisting  in  the  Signal  Corps  are  required  to  pass  a  prelimi- 
nary physical  examination.  Those  who  are  not  college  graduates  are 
subjected  to  a  preliminary  mental  examination.  The  latter  examina- 
tion is  held  at  this  office,  and  is  chiefly  directed  to  accurate  spelling^ 
legible  handwriting,  proficiency  in  arithmetic,  English  grammar,  his- 
tory, and  geography.  After  completing  the  course  of  instruction  at 
Fort  Mj'er,  they  are  further  taught,  by  experience  and  study,  the  duties 
of  assistants  on  station.  They  are  held  to  a  rigid  observance  of  duty 
under  careful  discipline  at  their  several  stations.  As  vacancies  occui 
in  the  list  of  sergeants  they  are  filled  by  selection  from  the  corporals 
or  first-clavss  privates,  who,  after  finishing  the  course  of  instruction  at 
Fort  Myer,  have  ser\^ed  at  least  one  year  on  station,  and  who  have 
been  distinguished  for  fidelity  and  ability  in  the  discharge  of  their 
duties. 

The  military  duties  at  this  school  are  performed  in  strict  accordance 
with  the  Articles  of  War  and  Army  Begulations.  Each  enlisted  man  of 
the  corps  is  furnished  with  a  copy  of  the  '*  Hand-book  for  the  Signal 
corps,"  containing  the  Articles  of  War  and  selected  paragraphs  from 
the  Army  Regulations,  with  which  every  spldier  should  be  conversant. 
The  course  of  instruction  embraces  cavalry  drill,  mounted  and  dis- 
mounted, artillery  (standing  gun  drill),  and  duties  of  guards.  The 
military  instruction  continues  during  the  whole  term  of  service  at  Fort 
Myer.  After  two  months  military  duty  each  recruit  is  placed 
under  instruction  wliich  renders  him  competent  to  perform  signal 
duties.  This  course  of  instniction  is  as  follows :  Manual  of  Signals^ 
International  Code  of  Signals,  Hand-Book  of  Practical  Telegraphy, 
Modern  Practice  of  the  Electric  Telegraph,  Meteorology,  and  Instruc- 
tions to  Observers.  A  special  course  of  lectures  on  subjects  relating 
to  meteorology  and  allied  sciences  now  forms  a  pArt  of  the  regular 
instruction.  Appendices  Nos.3,  4,  5,  6,  and  7  present  a  general  sum- 
mary of  the  lectures  delivered  during  the  past  year.  The  enlisted  men, 
excepting  those  of  the  permanent  party,  are  instructed  in  the  use  and 
connection  of  rei>eaters,  telephones,  and  call-bells;  use,  construction, 
and  connection  of  telegraph  instruments;  climbing,  building,  and 
repair  of  land  lines;  application  of  lightning-conductors  to  lines  and 
offices;  methods  of  splicing  and  connecting  sub-marine  cables  and  land 
Hnes;  establishing  terminal  and  intermediate  stations,  and  finding  the 
position  of,  and  repairing  faults  in,  telegraph  lines  and  instruments, 
All  duties  are  performed  under  the  direction  of  an  officer  and  in  accord- 
ance with  military  rule,  and  neglects  are  punished  under  the  rules  and 
articles  of  war.  It  is  owing  to  this  speedy  method  of  punishment  for 
neglect  or  failure  to  proi)erly  perform  duty  that  this  service  is  enabled 
to  control  a  force  of  men  detached  as  are  the  observers  of  the  Signal 
Service,  serving  in  ever}'  state  and  territory  of  the  United  States.  The 
tri-daily  telegraphic  reports  required  from  the  several  stations  are  roll- 
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calls  of  the  command,  and  failure  to  receive  reports  at  this  office  from 
any  station  is  followed  by  such  action  as  the  case  may  require. 

During  the  past  year  the  commanding  officer  has  had,  in  addition 
to  his  regular  duties,  immediate  charge  of  all  instruction  at  the  post^ 
and  has  attended  personally  to  matters  of  detail  a.s  f ar  as  practicable. 
The  average  number  of  men  for  duty  was  fifty-seven.  Much  embar- 
rassment has  been  caused  by  the  frequent  change  of  instructors  during 
the  year.  First  Lieutenant  B.  H.  Gilman,  13th  Infantry,  Acting  Sig- 
nal Officer,  the  only  experienced  officer  available  for  this  duty,  was 
relieved  from  "Signal  duty  November  1  and  ordered  to  his  regiment. 
Second  Lieutenant  James  A.  Swift,  Signal  Corps,  has  continued  avS 
instructor  in  telegraphy  and  other  branches,  and  has  also  performed 
the  duties  of  Acting  Assistant  Quartermaster  and  Acting  Commissary 
of  Subsistence.  The  class  of  officers  detailed  for  instruction  under 
General  Orders  No.  26,  War  Department,  1881,  reported  for  duty  dur- 
ing the  month  of  Ma}^,  and  entered  at  once  upon  the  course  of  instruc- 
tion. Three  officers  of  this  class  were  relieved  and  ordered  to  their  regi- 
ments before  completing  the  course,  and  Qeneral  Orders  No.  26, 
Adjutant  Grcneral's  Office,  were  revoked  February  10, 1882,  before  the 
completion  of  the  first  year's  course  of  instruction.  I  am  confirmed  in 
the  view  hitherto  expressed  that  instruction  in  field  signaling  and 
telegraphy,  to  be  successfully  carried  on,  should  be  confided  to  officers 
first  carefully  instruct'Cd  themselves,  and  responsible  to  the  Chief  Sig- 
nal Officer  for  the  discharge  of  their  duties  as  instructors.  I  would 
therefore  respectfully  recommend  the  re-establishment  of  the  School 
of  Instruction  provided  for  by  General  Orders  No.  26,  Adjutant  Gen- 
eral's Office,  series  of  1881. 

During  the  year  sixty-eight  men  have  been  fully  instructed  in  sta- 
tion duties.  Of  this  number  forty -two  have  been  ordered  to  duty  on 
station,  leaving  twenty-six  awaiting  orders. 

The  practice-line  and  sea-coast  loop,  referred  to  in  my  last  annual 
report,  have  been  completed,  and  are  now  in  successful  operation. 
The  barracks  have  been  greatly  improved  and  the  rooms  sub-divided 
80  as  to  reduce  the  number  of  men  in  each  room ;  this  arrangement  is  best 
in  view  of  the  character  and  amount  of  the  study  required  of' the  men. 
On  the  10th  of  October,  1881 ,  the  commanding  officer  of  Fort  Myer,  with 
two  officers  and  thirty  enlisted  men  and  one  section  of  field-telegraph 
train,  proceeded  to  Yorktown,  and  reported  to  Major  General  W.  S. 
Hancock,  United  States  Army.  Field-telegraph  lines  were  erected 
connecting  the  diJSerent  hea<lqu€urters  of  the  camp  at  Yorktown,  and 
five  stations  were  opened  on  the  line,  which  was  successfully  operated 
during  the  ceremonies.  Connection  was  also  made  with  the  Western 
Union  telegraph  office  at  Yorktown,  thus  placing  all  stations  in  the 
camp  in  connection  with  the  cities  of  the  country.  Flag  signal  sta- 
tions were  also  established  in  the  harbor,  which  reported  the  arrival 
of  distinguished  guests  in  time  to  enable  the  officials  to  prepare  for 
their  reception.    The  detachment  perfoimed  its  duties  in  a  very  sat- 
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isfactory  manner,  and  received  the  thanks  of  General  Hancock  for  its 
services. 

The  School  of  Instruction  at  Fort  Myer  should  be  maintained  in  a 
high  state  of  efficiency,  and  I  earnestly  recommend  the  detail  of  a 
competent  officer  to  perform  the  duties  of  instructor  at  that  post. 

The  annual  repoH  of  1st  Lieutenant  E.  P.  Strong,  4th  Artillery, 
Acting  Signal  Officer,  the  officer  in  command  at  Fort  Myer  during  the 
past  year,  will  be  found  in  appendix  No.  8. 

CORRESPONDENCE  AND  RECORD  DIVISION. 

The  work  of  the  Corresi)ondence  and  Record  Division  of  this  office  has 
increased  about  fifty  per  cent.  The  accumulation  of  data  fr^m  the  obser- 
vation! of  past  years  naturally  leads  to  many  requests  from  investigators 
of  all  classes  for  information  regarding  the  meteorological  record  of  dif- 
ferent sections  of  this  country.  There  is  also  a  large  increase  in  the  num- 
ber of  persons  whose  interest  in  meteorology  creates  new  correspond- 
ence in  the  form  of  offers  of  daily  observations  of  a  more  or  less  limited 
extent,  or  in  the  form  of  inquiries  regarding  the  methods,  instru- 
ments, etc. ,  best  suited  to  this  work.  There  is  also  a  very  large  increase 
in  correspondence  relating  to  enlistments. 

The  series  of  General  Orders,  Special  Orders,  and  Instructions  have 
been  printed  with  uniformity  of  style  and  in  number  sufficient  to  meet 
the  wants  of  the  service,  thus  reducing  the  amount  of  clerical  labor 
and  securing  greater  correctness  of  text;  and  the  clerical  force  form- 
erly employed  has  been  made*available  for  other  more  important  work. 

The  series  of  Professional  Papers  promised  last  year  has  been  pub- 
lished, as  elsewhere  reported,  and  great  care  will  be  taken  to  secure 
accuracy  in  facts  and  language — all  these  being  edited  in  the  copy 
and  proof.  The  Signal  Service  Notes  will  receive  the  same  careful 
revision. 

The  rules  of  the  War  Department  for  keeping  records  are  now 
rigidly  followed  in  this  office. 

Appendix  No.  9  exhibits  the  nnmber  and  character  of  communica- 
tions sent  from  and  received  at  the  office  of  the  Chief  Signal  Officer 
(exclnsive  of  telegrams).  The  office  continues  in  communication  with 
a  number  of  foreign  correspondents,  and  is  co-operating  with  the  chiefs 
of  the  meteorological  services  of  the  world,  for  the  extension  of  the 
system  of  simultaneous  reports  inaugurated  by  the  War  Department 
of  the  United  States  in  1873. 

Preparation  of  statistics  and  reports  for  the  use  of  individuals, 
institutions,  and  journals  has  been  continued  as  in  former  years.  The 
number  of  applications  for  information  on  various  subjects,  and  for 
copies  of  meteorological  data  collected  in  this  office  from  the  various 
stations,  has  increased;  and  these  requests  (frequently  requiring  days 
of  labor  to  enable  the  office  to  furnish  the  records  required)  have  uni- 
formly been  complied  with.  A  record  of  the  data  so  furnished  is  ex- 
hibited in  appendix  No.  10. 
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These  records  have  frequently  been  furnished  to  persons  interested 
in  the  study  of  meteorology,  and  the  deductions  made  by  distinguished 
scholars  based  upon  data  so  furnished  have  proved  valuable  in  the 
execution  of  the  meteorological  work  of  this  office.  A  list  of  the  cor- 
respondents of  this  office,  to  whom  the  publications  are  furnished,  con- 
tains the  names  or  many  of  the  leading  scholars  and  scientific  men  of 
the  world.  The  most  interesting  papers  on  the  subject  of  meteorology 
read  before  the  National  Academy  of  Sciences  have  been  prepared  from 
data  and  charts  furnished  from  this  office. 

Copies  of  records  for  use  as  evidence. 

I 

A  large  number  of  subpoenas  are  constantly  issued  by  the  courts 

in  the  trial  of  civil  or  criminal  cases,  for  the  production  of  the  meteor- 
ological records  of  Signal  Service  stations.  These  are  generally  made 
in  ignorance  of  the  fact  that  the  original  records  of  the  observations 
are  not  retained  at  the  stations  but  are  sent  to  and  kept  in  this  office, 
a  copy  being  made  and  retained  at  the  statmn.  ^his  station  copy  is 
not  so  authenticated  as  to  make  it  a  proper  copy  fbr  evidence ;  but  the 
law  (Remed  Statutes,  1878,  section  882)  provides  that  "  copies  of  any 
books,  records,  papers,  or  documents  in  any  of  the  executive  depart- 
ments, authenticated  under  the  seals  of  such  departments,  respect- 
ively, shall  be  admitted  in  evidence  equally  with  the  originals  thereof," 
and  this  office  has  arranged,  with  the  consent  and  authority  of  the 
Secretary  of  War,  for  furnishing  legal  copies  of  the  original  record  at 
the  shortest  notice.  It  seems  highly  important  that  the  bench  and 
bar  should  be  publicly  informed  of  these  facts,  and  of  the  strong 
desire  and  abilit}^  of  this  office  to  furnish  such  legal  copies. 

The  records  of  the  Signal  Service,  when  property  authenticated  by 
the  seal  of  the  War  Department,  are  now  received  as  evidence  in  the 
courts  of  the  United  States.  Mr.  Justice  Strong,  in  delivering  the 
opinion  of  the  court  in  the  case  of  Evanston  vs,  Gunu,  remarks: 

The  record  admitted  in  this  case  was  not  a  private  entry  or  memorandum.  It 
had  been  kept  by  a  person  whose  public  duty  it  was  to  record  truly  the  facts  stated 
in  it.  Sections  221  and  222  of  the  Revised  Statutes  require  meteorological  obser 
vations  to  be  taken  at  the  military'  stations  in  the  interior  of  the  continent  and  at 
other  points  in  the  states  and  territories,  for  giving  notice  of  the  approach  and  force 
of  storms.  The  Secretary  of  War  is  also  required  to  provide,  in  the  sj-stem  of  obser- 
vations and  reports  in  charge  of  the  Chief  Signal  Officer  of  the  Army,  for  such  sta- 
tions, reports,  and  signals  as  ma}*  be  found  necessary  for  the  benefit  of  agriculture 
and  commercial  interests.  Under  these  acts  a  system  has  been  established,  and 
records  are  kept  at  the  stations  designated,  of  which  Chicago  is  one.  Extreme  accu- 
racj*  in  all  such  observations  and  in  recording  them  is  demanded  by  the  rules  of  the 
Signal  Service,  and  it  is  indispensable  in  order  that  they  may  answer  the  purposes  for 
which  they  are  required.  They  are,  as  we  have  seen,  of  a  public  character,  kept  for 
public  purposes,  and  so  immediately  before  the  eyes  of  the  community  that  inaccura- 
cies, if  they  exist,  could  hardly  escape  exposure.  They  come,  therefore,  within  the 
.  rule  which  admits  in  evidence  '  official  registers  or  records  kept  by  persons  in  public 
office  in  which  they  are  required,  either  by  statute  or  by  nature  of  their  office,  to  write 
down  particular  transaction  occurring  in  the  course  of  their  public  duties  or  under 
their  personal  observation  '  Taylor,  Evid..  sect.  1421);  1  Greenl.,  Evid.,  sect.  483.  To 
entitle  them  to  admission,  it  is  nut  necessary  that  a  statute  requires  them  to  be  kept. 
It  is  sufficient  that  they  are  kept  in  the  discharge  of  a  public  duty.  1  Greenl..  Evid., 
sect.  496.     Nor  need  they  be  kept  by  a  public  officer  himself,  if  the  entries  are  made 
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under  his  direction  by  a  person  authorized  by  him.  Gait  v.  GalloYaay,  4  Pet.,  332. 
It  is  hardly  necessary  to  refer  to  judicial  decision  illustrating  the  rule.  They  are  numer- 
ous. A  few  may  be  mentioned.  DeArmond  v.  Nesmith,  32  Mich.,  231 ;  Gumey  v. 
House,  9  Gray  (Mass.),  404 ;  The  Caihanne  Maria,  Law  Rep.,  1  Ad.  &  Ec,  63 ;  Cliquois 
Champagne^  3  Wall,,  114.  We  think,  therefore,  that  there  was  no  error  in  admitting 
the  record  kept  by  the  person  employed  for  the  purpose  by  the  United  States  Signal 
Service. 

Judgment  affirmed. 

Observers  of  the  Signal  Service  are  instructed  that  the  records 
which  they  keep  are  part  of  the  records  of  the  War  Department, 
and  that  by  law  they  are  in  the  custody  of  the  Secretary  of  War; 
t\\^y  are  not  open  to  unauthorized  inspection,  nor  are  observers  to  pro- 
duce them  in  the  courts,  upon  subpoenas,  without  authority  of  the 
War  Department. 

The  work  of  meteorological  observation  must  be  made  at  fixed  hours, 
and  the  reports,  to  be  of  value,  must  make  up  a  continuous  series; 
therefore,  observers  are  instructed  to  make  a  respectful  return  to  any 
subpoenas  demanding  the  production  of  their  stations  records,  stJating 
that  such  records  belong  to  the  War  Department  and  cannot  be  produced 
witliout  the  authority  of  the  Secretary  of  War,  but  that  Jiuthenticated 
copies  of  the  records  may  be  immediately  supplied,  as  provided  b}'  the 
statute. 

In  a  few  cases  during  the  past  year,  the  observers  have  been  sum- 
moned to  produce  the  orginal  record  in  court  at  points  far  distant  from 
their  stations — this,  where  there  is  but  one  iustnicted  man  on  station, 
and  in  cases  where  the  original  record  was  not  at  the  stjition,  but  at 
this  office.  It  is  believed  that  these  fact«  should  be  better  known. 
The  men  should  only  be  called  away  from  their  duties  in  cases  of  abso- 
lute necessity,  as  their  absence  breaks  the  continuity  of  Ae  station 
records. 

ECONOMY   OF  ADMINISTRATION. 

To  insure  a  more  rigid  and  exact  scrutiny  of  accounts  prior  to  pay- 
ments— which,  from  their  great  number,  cannot  l)e  examined  by  the 
Chief  Signal  Officer — an  officer  of  the  army.  Captain  J.  W.  Powell,  jr., 
6th  Infantry,  was  assigned,  December  1, 1881,  to  duty  as  examiner  of 
accounts.  Included  in  the  other  accounts  assigned  him  for  examina- 
tion are  all  vouchers  for  money,  receipts,  and  expenditures  pertaining 
to  the  military  telegraphs  under  the  control  of  this  bureau,  and  of  re- 
turns of  signal  property  received  and  issued. 

Two  enlisted  men  of  the  Signal  Corps,  and  one  civilian  at  sixty  dollars 
per  month,  are  allowed  as  clerks. 

Payments  are  now  made  by  the  property  and  disbursing  officer, 
only  when  authorized  under  the  written  signature  of  the  Chief  Signal 
Officer,  or  after  examination,  correction,  and  record  by  the  examiner, 
and  after  comparison  with  the  original  accounts  from  telegraph  com- 
panies. These  last  aggregate  large  amounts,  and  were  at  one  time  the 
means  used  for  defrauding  the  government.    In  addition,  these  ac- 
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-counts  are  also,  prior  to  payment,  audited  by  the  officer  in  charge  of 
the  telegraph  division,  who  certifies  the  amounts  due  but  has  no  further 
connection  with  them.  Similariy,  with  regard  to  services  rendered  by 
civilian  observers  in  the  United  States,  Great  Britain,  Gennany,  and 
the  West  Indian  Islands,  the  officer  in  charge  of  the  division  receiving 
the  report  certifies  the  accounts.  All  of  these  accounts,  after  payment, 
are  verified  by  the  examiner  by  comparison  with  disbui*sements  made 
by  the  purchasing  and  disbursing  officer  before  their  transmittal  to  the 
Treasury  Department. 

Disbursements  by  officers  in  charge  of  the  military  telegraph  lines 
require  authorization  by  the  Chief  Signal  Officer  in  advance,  except 
for  purchases  lor  lights  and  fuel,  and  purchases  made  in  cases  of  emer- 
gency. Vouchers  for  all  these  disbursements  and  transfers,  and  for 
receipts  from  tolls  derived  from  the  use  of  the  lines  for  commercial 
inirposes,  are  carefully  scrutinized  and  verified  by  comparison  with  the 
accounts  current  of  the  officers  in  the  examiner's  office  before  their 
transmission  to  the  Treasury  Department.  This  system  has  caused  a 
marked  economy  in  the  management  of  these  lines.  The  examination 
of  signal  property  returns,  also  made  in  this  office,  makes  certain  that 
all  articles  received  by  officers,  either  by  purchase  or  transfer,  are 
taken  up  on  their  returns  and  accounted  for  until  disposed  of  in  ac- 
cordance with  the  Begulation  of  the  Army. 

Under  these  regulations,  established  by  the  Chief  Signal  Officer,  it 
is  believed  to  be  impossible  that  either  errors  or  frauds  can  be  com- 
mitted. 

Aggregate  cash  audits  recorded  in  the  examiner's  office 

from  December  3, 1881,  to  June  30, 1882 $254,960  60 

Number  oif  vouchers  on  which  payments  were  made 5,162 

Number  of  requisitions  entered 1,214 

Number  of  property  returns  examined  and  transmitted  to  the 
Third  Auditor  of  the  Treasury,  pertaining  to  period  ending 
June  30,  1882 471 

Other  returns  partially  examined  or  held  pending  explanation  of 
discrepancies. 

Number  of  accounts  current  examined  and  passed,  pertaining  to  the 
period  ending  June  30, 1882 : 

Texas  division 23 

Northwestern  division 15 

California  and  Arizona  division 18 

Proj^erty  and  Disbursing  officer.  Signal  Service,  Washington 15 

Fort  Klamath  and  Ashland  division 2 

Other  returns  partially  examined  aijd  held  pending  explanation  of 
discrepancies.  • 

Letters  sent,  Examiner's  Division 1,293 

Letters  received,  Examiner's  Di\ision 1,135 

Much  opposition  was  developed  in  Congress  this  year  to  giving  the 
full  amount  necessary  for  the  work  and  maintenance  of  the  Signal 
Corps,  because,  as  alleged,  its  expenditures  were  not  definitely  under- 
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stood.    I  therefore  append  as  elaborate  a  statement  of  costs  as  space 
will  permit : 

Pay  of  officers «55,417  00 

Cost  of  500  enlisted  men,  including  their  pay,  clothing, 
subsi.stence,  fuel,  quarters,  medicines,  and  medical  at- 
tendance       441,147  03 

Pay  of  civilians  in  main  office,  including  professors,  com- 
puters, clerks,  printers,  messengers,  janitors,  watcnmen, 

and  laborei-s .  40,000  00 

Special  pay  of  clerks  otherwise  provided 10,660  00 

Transportation  of  instruments  and  Signal  Service  men  to 
their  stations,  and  of  telegraph  material  in  constructing 
lines  of  telegraph,  and  of  officers  on  tours  of  inspection..      63,511  81 

Repairs  at  i)Ost  of  Fort  Myer ^       3,000  00 

Rents  paid  at  Washington  for  offices  occupied 6,379  96 

Construction,  maintenance,  and  repair  of  military  tele- 
graph lines  00  the  frontier 50,000  00 

Manufacturingof  meteorological  and  philosophical  instru- 
ments, $1,000;  purchase  of  instruments,  $7,000,  and  re- 
pair of  instruments,  81,000 9,000  00 

Cost  of  cipher  telegraphic  weather  reports  received  at 
this  office,  $81,000;  of  messages  pertaining  to  same, 
$36,000;  of  extra  (night)  services  of  operators,  $36,000; 

leases  of  telegraph  lines,  $15,000 168,000  00 

Pay  of  cautionary  signal  obser\^ers 6,500  00 

Cost  of  cautionary  flags  and  lanterns 4,000  00 

Incidental  expenses  of  cautionary  stations..... 500  00 

Repaii-s  in  continuing  the  establishment  and  connection  of 

stations  at  life-saving  stations 4,000  00 

Materials  for  lines  connecting  life-saving  stations 9,000  00 

Incidental  expenses  at  these  stations 1,000  00 

Maintaining  140  meteorological  stations:  For  hire  of  offices, 
$30;000;  for  fuel  for  offices,  $6,000 ;  for  light  for  offices, 
$4,000;  for  supplies,  repairs,  &c.,  $5,000;  for  contingent 

expenses,  $1,500 46,500  00 

Pay  of  river  observers 3,000  00 

Incidentals  at  river  stations 1,000  00 

Cost  of  maps,  bulletins,  &c.,  for  display  and  distribution : 
For  paper,  $17,000;  printing  material,  $4,000;  hire  of 
printers,  $2,000,  and  of  incidentals  at  printing  stations, 

$1,000 24,000  00 

Meteorological  books  and  publications 1,000  00 

Miscellaneous  stationery •       5,000  00 

For  equipment  and  expenses  of  cotton-belt  stations:  For 

instruments,  $3,500,  and  pay  of  observers,  $7,000 10,500  00 

For  instruments,  pay  of  observers,  making  reports  on  flood 
and  frost  warnings  in  the  tobacco,  sugar,  and*  fruit  inter- 
ests       11,000  00 

Incidentals  not  otherwise  provided  for. 4,000  00 

For  military  signaling:  Purchase,  repair,  and  manufac- 
ture of  equipments  and  stores  and  maintenance  of  field- 
telegraph  trains,  &c.,  in  the  army  at  large 10,500  00 

In  addition  to  the  aoove,  especial  provision  is  made  by  Congress  of 
$33,000  for  •<  Exploration  and  observation  in  the  Arctic  sea«."  This 
work  was  originated  by  Congress  and  assigned  to  the  Signal  Service, 
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but  it  forms  no  pail  of  the  regular  duties  of  the  bureau.  It^  annual 
average  cost  is  about  the  amount  appropriated,  and  is  a  part  of  the 
International  Polar  Commission's  work. 

The  average  cost  of  maintaining  each  station  of  observation  during 
the  year,  exclusive  of  cost  of  telegraph  services,  and  of  the  pay  and 
maintenance  of  the  men  on  duty  at  each,  has  been  8339.95. 

The  sum  of  two  hundred  and  seventy -six  dollars  and  fifty-nine  cents 
(8276.59)  has  been  received  during  the  year  ending  June  30, 1882,  from 
the  sales  of  maps  and  other  office  publications,  in  accordance  with  the 
act  of  Congress,  approved  March  3, 1874. 

The  many  inquiries  received  as  to  the  manner  of  procuring  the  publi- 
cations of  this  office,  indicate  the  want  of  a  general  knowledge  of  the 
fact  that  the  sale  of  copies  of  any,  or  all  of  its  publications,  or  of  maps 
or  pai)ers  regularly  issued  by  it,  is  authorized  by  law  to  be  made  to  any 
applicant,  ux)on  the  payment  of  the  actual  cost  of  printing. 

STATIONS  DIVISION. 

Signal  Service  stations. 

The  total  number  of  stations  in  operation  June  30,  1882,  within  the 
territory  of  the  United  States, *and  maintained  for  the  Signal  Service, 
was  four  hundred  and  ninety-five,  including  those  upon  the  telegraph 
lines  in  charge  of  this  .office  and  the  special  river,  cautionary  dis- 
play, cotton-belt,  and  sunset  stJitions,  from  which  reports  are  regularly 
received.  Eeports  are  received  from  eighteen  additional  stations 
established  by  the  authorities  of  the  Dominion  of  Canada,  also  from 
one  at  St.  John's,  N.  F.,  and  one  at  York  Factory,  B.  A.  Telegraphic 
reports  have  been  regularly  received  throughout  the  year  frofla  one, 
and  mail  reports  from  two,  stations  located  in  the  West  Indian  islands, 
and,  during  the  seasons  of  tropical  storms,  telegraphic  reports  were 
received  from  five  stations  in  this  region.  The  number  of  stations  from 
which  telegraphic  rei)ort8  are  received  at  this  office  daily  is  one  h,undred 
and  fifty-two. 

Eleven  full  reporting  stations  have  been  established  and  nine  dis- 
continued during  the  year. 

In  response  to  numerous  requests,  the  number  of  stations  in  Alaska 
has  been  increased  to  four  stations  of  the  first-class,  tliirteen  of  the 
second-class,  and  four  of  the  third-class. 

Telegraphic  reports  received  from  the  regular  telegraphic-reporting 
stations,  daily,  are  at  once  utilized  in  the  preparation  of  the  weather 
forecasts  and  for  the  display  of  cautionary  signals  when  necessary,  and 
the  records  forwarded  by  mail  to  this  office  are  cai-efuUy  examined, 
tabulated,  and  published  each  year,  thus  affording  opportunities  for  all 
who  may  be  interested  to  become  familiar  with  the  climatology  of  the 
country.  With  the  continuation  of  the  observations  they  become 
more  valuable  from  year  to  year,  and  form  a  basis  for  the  study  of  the 
science  of  meteorology. 
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The  following  summary  shows  the  number  of  stations  in  operation 
at  the  close  o(  the  year  ending  June  30,  1882 : 

General  summary  showiiig  the  number  of  Signal  Service  stations  in  the 

United  States  in  operation  on  June  30, 1882. 

Stations  taking  five  observations  daily  l^l(l  making  full  reports, 
three  times  a  daj-  by  telegi'aph  and  monthly  by  mail 115 

Stations  taking  rive  observations  daily  and  making  full  reports, 
once  a  Aay  by  telegrai)h  and  monthly  by  mail 1 

Stations  taking  five  observations  daily  and  reporting  monthly 
by  mail 12 

Stations  on  the  United  States  military  telegraph  lines  taking 
three  observations  daily,  reporting  three  times  a  day  by  tele- 
graph and  monthly  by  mail 22 

Stations  on  the  Cuitecl  States  military  and  sea-coast  telegraph 
lines  taking  three  observations  daily  and  reporting  monthly 
by  mail 18 

Stations  taking  three  observations  daily  and  reporting  by  mail  a^ 
opportunity  offers 1 

Stations  on  the  United  States  military  and  sea-coast  lines  taking 
sunset  observations  only  and  reporting  monthly  by  mail 3 

Printing  stations  taking  sunset  observations  only  and  reporting 
monthly  by  mail 3 

Stations  on  the  United  Stares  military  and  sea-coast  telegraph 
lines  at  which  observations  of  the  maximum  and  minimum  tem- 
peratures and  amount  of  precipitation  are  taken  daily  at  the 
hour  of  sunset 33 

Repair  stations  on  the  Uuited  States  military  telegraph  lines  at 
which  no  observations  are  taken : 40 

Supply  stations 1 

Second-class  stations  in  Alaska  at  which  two  observations  are 
taken  daily 8 

Third-class  stations  in  Alaska  at  which  one  observation  is  taken 
daily 4 

Sunset  stations 3 

Cautionary  display  stations 74 

Special  river  stations 30 

Cotton-belt  stations 127 

•  

Total 495 

The  following  is  a  classified  list  of  the  stations  of  the  Signal  Service, 
exclusive  of  cotton-belt  stations,  which  are  enumerated  in  appendix 
No.  11. 

The  figures  1,  2,  3,  4,  5,  or  6,  placed  after  the  names  of  certain  sta- 
tions, indicate  as  follows : 

1.  Cautionary  signal  stations. 

2.  Observations  of  water  temperature  taken  daily. 

3.  Observ'ations  of  stage  of  water  taken  daily. 

4.  United  States  military  telegraph  stations. 

5.  Printing  stations— Farmers'  Bulletin. 

6.  United  States  sea-coast  telegraph  stations. 

Classified  list  of  stations  of  the  Signal  Service,  United  States  Aimy, 
in  operation  on  June  30,  1882 : 
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Stations  taking  five  observations  daily,  and  making  fall  reports  three 
times  a  day  by  telegraph,  and  monthly  by  mail :  Albany,  New  York, 
5;  Alpena,  Michigan,  1,  2;  Atlanta,  Georgia;  Atlantic  City,  New 
Jersej',  1,  2,  6;  Augusta,  Greorgia,  3;  Baltimore,  Marjiand,  1.  2,  6; 
Barnegat,  New  Jersey,  1,  6;  Bismarck,  Dakota,  4;  Block  Island,  Ehode 
Island,  1,  6;  Boston,  Massachusetts,  1,  2,5;  BuflFalo,  New  York,  1,  2,  5; 
Burlington,  Vermont,  2;  Cairo,  Illinois,  3;  Cape  Henry,  Virginia,  1,  6; 
Cedar  Keys,  Florida,  1, 2 ;  Champaign,  Illinois ;  Charleston,  ^uth  Caro- 
lina, 1,2 ;  Chaiiotte,  North  Carolina ;  Chattanooga,  Tennessee,  3 ;  Chey- 
enne, Wyoming  ;  Chicago,  Illinois,  1,2,5;  Chiucoteague,Virgiuia,  1, 2, 6 ; 
Cincinnati,  Ohio,  3,  5;  Cleveland,  Ohio,  1,2;  Columbus,  Ohio;  Daven- 
port, Iowa,  3 ;  Deadwood,  Dakota,  4 ;  Delaware  Breakwater,  Delaware, 
1,  2,  6;  Denver,  Colorado;  Des  Moines,  Iowa,  5;  Dodge  City,  Kansas, 
4;  Duluth,  Minnesota,  1, 2;  E<agle  Rock,  Idaho;  Eastport,  Maine,  1. 2; 
Erie,  Pennsylvania,  1;  Escanaba,  Michigan,  1,  2;  Fort  Macon,  North 
Carolina,  1,  6;  Fort  Smith,  Arkansas,  3;  Fort  Washakie,  Wyoming; 
Galveston,  Texas,  1;  Grand  Haven,  Michigan,  1,  2;  Hatteras,  North 
Carolina,l,  6 ;  Huron,  Dakota ;  Indianapolis,  Indiana ;  Indianola,  Texas, 
1,  2;  Jacksonville,  Florida,  1,  2;  Keokuk,  Iowa,  3;  Key  West,  Florida, 
1,2;  Kittyhawk,  North  Carolina,  1,6;  Knoxville,  Tennessee ;  La  Crosse, 
Wisconsin,  3;  Leavenworth,  Kansas,  3,  6;  Little  Eock,  Arkansas,  3; 
Los  Angeles,  California ;  Louisville,  Kentucky,  3 ;  Lynchburg,  Vh-ginia; 
Marquette,  Michigan,  1, 2 ;  Memphis,  Tennessee,  3, 5 ;  Milwaukee,  Wis- 
consin, 1,  2;  Montgomery,  Alabama;  Moorhead,  Minnesota;  Mount 
Washington;  New  Hampshire;  Nashville,  Tennessee,  3,5;  New  Haven, 
Connecticut,  1,  2;  New  Orleans,  Louisiana,  1,  3;  New  York,  New  York, 
1,  2,  5;  Norfolk,  Virginia,  1,  2,  6;  North  Platte,  Nebraska;  Olympia, 
Washington  territory;  Omaha,  Nebraska,  3;  Oswego,  New  York,  1; 
Palestine,  Texas ;  Pensacola,  Florida,  1, 2 ;  Philadelphia,  Pennsylvania, 
5,  6;  Pioche, Nevada;  Pittsburg,  Pennsylvania,  3, 5;  Port  Eads^  Louis- 
iana, 1;  Port  Huron,  Michigan,  1;  Portland,  Maine,  1,  2;  Portland, 
Oregon,  3;  Prescott,  Arizona,  4;  Proyincetown,  Massachu^tts,  1,2; 
Punta  Bassa,  Florida;  Bed  Bluff,  California,  3;  Eoseburg,  Oregon; 
Sacramento,  California;  Saint  Louis,  Missouri,  3,  5;  Saint  Paul,  Min- 
nesota, 3 ;  Saint  Vincent,  Minnesota ;  Salt  Lake  City,  Utah ;  San  An- 
tonio, Texas,  4;  San  Diego,  California,  4;  Sandusky,  Ohio,  1,2;  Sandy 
Hook,  New  Jersey,  1,  2,  6;  San  Francisco,  California,  2,  6;  Santa  Fe, 
New  Mexico ;  Savannah,  Georgia,  1, 2 ;  Shreveport,  Louisiana,  3 ;  Silver 
City,  New  Mexico,  4;  Smithville,  North  Carolina,  1,  2,  6;  Springfield, 
Illinois;  Springfield,  Missouri;  Starkville,  Mississippi;  Toledo,  Ohio, 
1,  2;  Tucson,  Arizona ;  Umatilla,  Oregon,  3;  Vicksburg,  Mississippi, 3; 
Visalia,  California;  Washington,  District  of  Columbia,  6,  6;  West 
Las  Animas,  Colorado;  Williamsport,  Pennsylvania;  Wilmington, 
North  Carolina,  1,  2,  6;  Winnemucca,  Nevada;  Yankton,  Dakota,  3; 
Yuma,  Arizona,  3. 

Stations  taking  five  observations  daily  and  reporting  by  mail  monthly: 
Boise  City,  Idaho;  Detroit,  Michigan,  1,  2,  5;  Madison,  Wisconsin; 


REPORT   OF   THE    CHIEF    SIGNAL    OFFICER.  15 

Mobile,  Alabama,  1,  2;  Morgantown,  West  Virginia,  3;  New  London, 
Connecticut,!,  2;  Newport,  Ehode  Island,  1,  2;  Pike's  Peak,  Colo- 
rado; Bochester  New  York,  Ij  Sitka,  Alaska;  Springfield,  Massa- 
chusetts; Thatcher's  Island,  Massachusetts,  1,  2,  G. 

Stations  taking  five  observations  daily  and  making'full  reports,  once 
a  day  by  telegraph  and  monthly  by  mail :  Dubuque,  Iowa,  J. 

Stations  ou  the  United  States  military  telegraph  lines  taking  thre6 
observations  daily,  reporting  three  times  a  day  by  telegiaph,  and 
monthly  by  mail:  Brownsville,  Texas;  Concho^  Texas;  Denison, 
Texa^s;  Eagle  Pass,  Texas;  El  Paso,  Texas;  Fort  Apache,  Ailzona; 
Fort  Assinniboine,  Montana;  Fort  Bennett,  Dakota;  Fort  Benton, 
Montana;  Fort  Buford,  Dakota ;  Fort  Custer,  Montana ;  Fort  Elliott, 
Texa^;  Fort  Keogh,  Montana;  Fort  Missoula,  3Iontana ;  Fort  Shaw, 
Montana ;  Fort  Sill,  Indian  Territory ;  Fort  Stevenson,  Dakota ;  Helena, 
Montana;  Lewiston,  Idaho;  Poplar  Eiver,  Montana ;  Spokane  Falls, 
Washington  Territory;  Stockton,  Texas. 

Stations  on  the  United  States  military  and  sea-coast  telegraph  lines 
taking  three  observations  daily,  and  reporting  by  mail  monthly: 
Campo,  California;  Camp  Thoma^^,  Arizona;  Cape  May,  New  Jersey; 
Coleman  City,  Texas ;  Dayton,  Washington  Territory ;  Decatur,  Texas ; 
Fort  Davis,  Texas;  Fort  Grant,  Arizona;  Fort  McKavett,  Texas; 
Fort  Verde,  Arizona;  Fredericksburg,  Texas ;  Henrietta,  "lexas ;  Jacks- 
borough,  Texas;  La  Mesila,  New  Mexico ;  Portsmouth,  North  Carolina; 
Bio  Grande  City,  Texas;  Uvalde,  Texas ;  Wickenburg,  Arizona. 

Stations  taking  three  observations  daily,  and  reporting  by  mail  as 
opportunity  offers:  Saint  Paul's  Island,  Alaska. 

Stations  on  the  United  States  military  telegraph  lines  taking  sunset 
observations  only,  and  reporting  by  mail  monthly :  Apache  Pass,  Ari- 
zona; Fort  Ellis,  Montana;  Fort  Yates,  Dakota. 

Printing  stations  taking  sunset  observations  only,  and  reporting 
monthly  by  mail:  Bangor,  Maine,  5;  Burlington,  Iowa,  5;  Logans- 
port,  Indiana,  5.  Stations  on  the  United  States  military  and  sea-coast 
telegraph  lines  at  which  observations  of  the  maximum  and  minjimum 
temperatures  and  amount  of  precipitation  are  taken  daily  at  the  hour 
of  sunset:  Almota,  Washington ;  Brackettville,  Texas ;  Cape  Lookout, 
North  Carolina;  Cartersville,  Montana;  Colfax,  Washington;  CoBur 
d'Alene  Mission,  Idaho;  Deer  Lodge,  Montana;  Fort  Bayard,  New 
Mexico;  Fo^t  Cceur d'Alene, Idaho;  FortLapwai,  Idaho;  Fort  Meade, 
Dakota;  FortKeno,  Indian  Territory;  Fort  Sully,  Dakota;  Fort  Supply, 
Indian  Territory;  Glendive,  Montana;  Graham,  Texas;  Grierson  Springs, 
Texas ;  Laredo,  Texas ;  Life-saving  Station  No.  6,  North  Carol  ina ;  Little 
Egg  Harbor,  New  Jersey ;  Manasquan,  New  Jersey ;  Narragansett  Pier, 
Ehode  Island ;  New  Chicago,  Montana ;  New  Eiver  Inlet,  North  Caro- 
lina; Ocean  City,  Maryland;  Phoenix,  Arizona;  Point  Judith,  Ehode 
Island:  Pomeroy,  Washington;  Eapid  City,  Dakota;  San  Carlos 
Agency,  Arizona;  Sloop  Point,  North  Carolina;  SmithviUe,  Dakota; 
Terry's  Landing,  Montana ;  Tobacco  Garden,  Dakota.    Eepair  and  tele- 
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graph  Stations  on  the  United  States  military  telegraph  lines  at  which 
no  observations  are  taken :  Bairtl,  Texas;  Bozeraan,  Montana;  Canton- 
ment, Indian  Territory ;  Coal  Banks,  ^lontana ;  Corrilla  Station,  Ari- 
zona; Coulson,  Montana;  Crows'  Nest,  Montana;  Dos  Cabezaa,  Ari- 
zona; Durango,  Colorado;  Fort  Abraham  Lincoln,  Dakota;  Fort 
Craig,  Xew  Mexico;  Fyrt  Cnramiiigs,  New  Mexico;  Fort  Dodge, 
Kansas;  Fort  Lewis,  Colorado;  Fort  Quitman,  Texas;  Fort  Sisseton, 
Dakota;  Fort  Spokane,  Washington;  Fort  Stanton,  New  Mexico; 
Fort  Union,  New  Mexico;  Frenchtown,  Montana;  Froze-to-Death^ 
Montana;  Gnnnison  Cit}",  Colorado ;  Le  Beau's,  Dakota;  Lordsburg, 
New  Mexico;  Maricopa,  Arizona;  Miles  City,  Montana;  ]^J[iuers  Camp, 
Idaho;  Plum  Creek,  Dakota;  Porter's  Station,  New  Mexico;  Raders- 
burg,  Montana;  Rocky  Point,  Montana-;  San  Marcial,  New  Mexico; 
Spangle,  Washington;  Stillwater,  Montana;  Summit  llouse,  Idaho; 
Watrous,  New  Mexico ;  Webster,  Dakota ;  Wichita  Indian  Agency, 
Indian  Territory ;  Willcox,  Arizona. 

Supply  station  to  Pike's  Peak,  Colorado  Springs,  Colorado.  Second- 
class  stations  in  Alaska:  Atka,  Chilcoot,  Fort  Alexander,  Fort 
Saint  Michael's,  Fort  Wrangel,  Iloochnahoo,  Iloonyah,  Unalashka. 
Third-class  stations  in  Alaska:  Chernofsky,  Harrisburg  or  Junean 
City,  Marzovia,  Sidnt  George's  Island.  Sunset  stations:  Lytton, 
British  Columbia;  New  Westminster,  British  Columbia;  Victoria, 
Vancouver's  Island.  Cautionary  display  stations:  Ahnapee,  Wis- 
consin; Ashland,  Wisconsin;  Ashtabula,  Ohio;  Bass  River  Light, 
Massachusetts ;  Bath,  Maine ;  Bay  City,  Michigan  ;  Booth  Bay,  Maine ; 
Brunswick,  Georgia ;  Cape  Vincent,  New  York ;  Charlevoix,  Michigan ; 
Charlotte,  New  York;  Chatham,  Massachusetts;  City  Island,  New 
York;  Cristield,  Maryland;  Dunkirk,  New  York;  East  Chop  Light, 
Massachusetts;  Elk  Rapids,  Michigan ;  Fairport,  Ohio;  Fall  River, 
Massachusetts;  Fernandina,  Florida;  Forrester,  Michigan;  Fort 
George's  Island,  Florida;  Fort  Monroe,  Virginia;  Fort  Morgan,  Ala- 
bama; Frankfort,  Michigan;  Georgetown,  South  Carolina;  Gloucester, 
Massachusetts;  Green  Bay,  Wisconsin;  Highland  Light,  Massachusetts; 
Horn's  Pier,  Wisconsin ;  Houghton,  Michigan;  Uyannis,  Massachu- 
setts; Kenosha,  Wisconsin;  Kewaunee,  Wisconsin;  L'Anse,  Michi- 
gan; Ludington,  Michigan;  Lynn,  Massachusetts;  Mackinac  City, 
Michigan;  Manist-ee,  Michigan;  Manitowoc,  Wisconsin ;  Marblehead, 
Massachusetts;  Menomonee, Michigan;  Monroe,  Michigan ;  Montague, 
Michigan;  Muskegon, Michigan  ;  New  Bedford,  Massachusetts;  New- 
buryport,  Massachusetts ;  New  Haven  Light,  Connecticut ;  North  Fair 
Haven,  New  York;  Northport,  Michigan;  Oscoda,  Michigan;  Pent- 
water,  Michigan  ;  Port  Austin,  Michigan ;  Port  Royal,  Sonth  Carolina ; 
Put-in-Baj',  Ohio;  Racine,  Wisconsin;  Rockland,  Maine;  Rogers' 
City,  Michigan;  Sand  Beach,  Michigan  ;  Sand  Key  Liglit,  Key  West, 
Florida;  Slieboygan,  Wisconsin;  South  East  Light,  Rhode  Island; 
South  Haven,  Michigan;  South- West  Harbor,  Maine ;  Saint  Augus- 
tine, Florida;    Saint  Joseph,   Michigan;     Stonington,   Connecticut; 
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Stony  Islaud,  Michigan;  Sturgeon  Bay,  Wisconsin;  Traverse  City, 
Michigan ;  Tybee  Island",  Georgia;  United  States  ship  Wyoming,  Bat- 
tery Greek  and  Beaufort  river.  South  Carolina;  Wood's  Holl,  Massa- 
chusetts. 

Special  River  Stations:  Albany,  Oregon;  Boonville,  Missouri; 
Brownsville,  Pennsylvania;  Brunswick,  Mi^ouri ;  Colusa,  California; 
Confluence,  Pennsylvania;  Decatur,  Alabama;  Eugene  City,  Oregon ; 
Evansville,  Indiana;  Folsom  City,  California;  Freeport,  Pennsylva- 
nia; Helena,  Arkansas;  Hermann,  Missouri;  Jefferson  City,  Missouri; 
JohDsonville,  Tennessee;  Kansas  City,  Missouri;  Le  Claire,  Iowa; 
Lexington,  Missouri ;  Marietta,  Ohio;  Marysville, California;  Musca- 
tine, Iowa;  New  Greneva,  Pennsylvania;  Oil  City,  Pennsylvania; 
Oroville,  California;  Paducah,  Kentucky;  Peoria,  Illinois ;  Platts- 
mouth,  Nebraska ;  Saint  Joseph, Missouri;  Warsaw,  Illinois;  Wheel- 
ing, West  Virginia. 

Appendix  No.  12,  is  a  list  of  United  States  military  posts  from 
which  meteorological  reports  have  been  received  at  this  office  through- 
out the  year,  through  the  co-operation  of  the  Surgeon  General  of  the 
Army. 

Appendix  No.  13,  is  a  list  of  voluntary  observers  lyho  have  fur- 
nished monthly  meteorological  reports  to  this  office  during  the  year. 

Appendix  No.  14  contains  a  list  of  places  from  which  applica- 
tions have  been  received  for  the  establishment  of  Signal  Service  sta- 
tions, but  at  which  stations  have  not  been  established. 

Meteorological  data. 

The  regular  monthly  reports  received  from  the  Signal  Service  stations 
during  the  year  have  been  carefully  compared  and  tabulated  for  pub- 
lication and  exhibit  not  only  the  result  of  observations  taken  during 
the  current  year,  but  the  means  of  the  several  iheteorological  elements 
determined  from  observations  taken  since  the  establishment  of  the 
Signal  Service.  The  tables  accompanying  this  report  are  much  more 
extensive  than  those  previously  published  by  this  office,  and  the  forms 
have  been  so  improved  as  to  give  the  complete  meteorological  history 
of  each  station.  The  temperature,  rainfall,  and  other  meteorological 
elements  for  each  month  of  the  current  year  may  be  readily  compared 
with  the  means  as  deduced  from  many  years  of  observation,  and  the 
departure  from  the  normal  value  utilized  in  determing  the  effect  of  the 
varying  atmospheric  conditions  on  agricultural  products  in  each  section 
of  the  country.  In  addition  to  the  practical  application  of  the  infor- 
mation contained  in  these  tables,  they  will  doubtless  be  found  of  great 
service  to  meteorologists  as  a  basis  of  research. 

The  following  list  of  appendices  shows  the  character  of  the  meteor- 
ological data  prepared  for  publication  in  this  report : 

Appendix  No.  15. — ^Annual  and  mean  barometric  annual  pressure 
(corrected  to  sea-level),  at  Signal  Service  stations,  for  a  series  of  years. 
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Appendix  No.  16. — Mean  barometric  pressure  (corrected  for  tempera- 
ture and  instrumental  error),  by  months,  at  Signal  Service  stations,  for 
two  years. 

Appendix  No.  17. — Monthly  and  annual  mean  barometric  pressure 
(corrected  to  sea-level),  at  Signal  Service  stations,  for  the  year  ending 
June  30, 1882. 

Appendix  No.  18. — ^Moflthly  and  annual  mean  barometric  pressure 
(corrected  for  temperature  and  instrumental  error  only),  at  Signal 
Service  stations,  for  the  year  ending  June  30, 1882. 

Appendix  No.  19. — Annual  and  mean  annual  temperatures,  at  Sig- 
nal Service  Stations,  for  a  series  of  years.  ^ 

Appendix  No.  20. — Monthly  and  annual  mean  temperatures,  at  Sig- 
nal Ser\ice  stations,  for  the  year  ending  June  30, 1882. 

Appendix  No.  21. — ^Monthly  and  annual  mean  temperatures,  at  United 
States  military  posts  for  the  year  ending  June  30, 1882. 

Appendix  No.  22. — ^Monthly  and  annual  mean  temperatures  reported 
by  voluntary  observers,  at  selected  stations,  during  the  year  ending 
June  30, 1882. 

Appendix  No.  23. — Comparative  mean  temperatures,  by  months,  at 
selected  Signal  Service  stations. 

Appendix  No.  24. — ^Monthly  and  annual  mean  temperatures  of  each 
state  and  territory. 

Appendix  No.  25. — Monthly  and  annual  mean  temperatures  of  the 
several  geographical  districts. 

Ap^ndix  No.  26.-~Monthly  and  annual  mean  temperatures  at  sta- 
tions on  the  Oentral  and  Southern  Pacific  railroads  for  the  year  ending 
June  30, 1882. 

Appendix  No.  27. — ^Maximum  and  minimum  temperatu^^es,  by  months, 
at  Signal  Service  stations,  for  the  year  ending  June  30, 1882^ 

Appendix  No.  28. — ^Maximum  and  minimum  temperatures,  by  months, 
at  United  States  military  posts,  for  the  year  ending  June  30, 1882. 

Appendix  No.  29. — ^Maximum  and  minimum  temperatures,  by  months, 
reported  by  voluntary  observers  at  selected  stations,  for  the  year  end- 
ing June  30, 1882. 

Appendix  No.  30. — Maximum  and  minimum  temperatures,  by  months, 
at  stations  on  the  Central  and  Southern  Pacific  railroads,  for  the  year 
ending  June  30, 1882. 

Appendix  No.  31. — Monthly  and  annual  maximum  and  minimum 
temperatures  and  precipitation,  at  third-class  stations  on  the  United 
States  military  telegraph  lines,  for  the  year  ending  June  30, 1882. 

Appendix  No.  32.— Monthly  and  annual  maximum  and  minimum 
temperatures  and  precipitation,  at  Signal  Service  stations  in  Alaska, 
for  the  year  ending  June  30, 1882. 

Appendix  No.  33. — Annual  and  mean  annual  precipitation,  at  Signal 
Service  stations,  for  a  series  of  years. 

Appendix  No.  34. — Monthly  and  annual  precipitation,  at  Signal  Ser- 
vice stations,  for  the  year  ending  June  30,  1882. 

Appendix  No.  35. — Monthly  and  annual  precipitation,  at  United 
States  military  posts,  for  the  year  ending  June  30, 1882. 

Appendix  No.  36. — Monthly  and  annual  precipitation,  reported  by 
voluntary  observers,  at  selected  stations,  for  the  3'ear  ending  June  30, 
1882, 

Appendix  No.  37. — Comparative  precipitation,  by  months,  at  selected 
Signal  Ser^ice  stations. 

Appendix  No.  38. — Monthly  and  annual  average  precipitation,  for 
each  state  and  territory,  for  a  series  of  yeara. 
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Appendix  No*  39. — ^Monthly  and  annual  average  precipitation,  for  the 
several  geographical  districts  of  the  United  States,  for  a  series  of  years. 

Appendix  No.  40. — ^Monthly  and  annual  precipitation,  at  stations  on 
the  Central  and  Southern  Pacific  railroads,  for  the  year  ending  June 
aO,  1882. 

Appendix  No.  41. — ^Monthly  and  mean  annual  relative  humidity,  at 
Signsd  Service  stations,  for  the  year  ending  June  30, 1882. 

Appendix  No.  42. — Monthly  mean  dew-point,  at  Signal  Service  sta- 
tions, for  the  year  ending  June  30,  1882. 

Appendix  No.  43. — Dates  of  the  occurrence  of  the  first  light  and  first 
killing  irosts,  at  Signal  Service  stations,  for  the  season  of  1881  and  1882. 

Appendix  No.  44. — ^Prevailing  winds,  by  months,  at  Signal  Service 
stations,  for  a  series  of  years. 

Appendix  No.  45. — ^Winds  most  likely  to  be  followed  by  rain,  by 
months,  at  Signal  Service  stations,  for  a  series  of  years. 

Appendix  No.  46. — Winds  least  likely  to  be  follow^  "by  rain,  by 
months,  at  Signal  Service  stations,  for  a  series  of  years. 

Appendix  No.  47. — ^Winds  most  likely  to  be  followed  by  rain,  by 
months,  in  the  several  geographical  districts,  for  a  series  of  years. 

'Appendix  No.  48. — ^Winds  least  likely  to  be  followed  by  rain,  by 
months,  in  the  several  geographical  districts,  for  a  series  of  years. 

Appendix  No.  49. — ^Prevailing  winds,  by  months,  at  stations  on  the 
Central  and  Southern  Pacific  railroads,  l«r  the  year  ending  June  30, 1882. 

Appendix  No.  50. — ^Highest  summer  and  lowest  winter  temperatures, 
in  each  state  and  territory,  for  a  series  of  years. 

Appendix  No.  51. — Highest  and  lowest  water,  at  river  stations,  for  a 
series  of  years. 

Appendix  No.  52. — ^Normal  barometric  pressure,  corrected  for  tem- 
perature and  instrumental  error  only,  and  mean  temperatures,  at  Cana- 
dian stations,  for  each  month  of  the  year.    *^ 

Appendix  No.  53. — Highest  and  lowest  temperatures,  at  Signal  Ser- 
vice stations,  for  a  series  of  years. 

Appendix  No.  54. — ^Annual  meteorological  summary  of  Signal  Ser- 
vice stations,  for  year  ending  June  30,  1882. 

Inspectimi  of  Signal  Service  stations. 

One  hundred  and  twenty-five  stations,  including  display  stations, 
and  those  upon  the  United  States  Military  Telegraph  lines  in  the  inte- 
rior, were  inspected  during  the  year  ending  June  30, 1882.  Appendix 
No.  55  shows  the  name  of  each  station  inspected,  with  date  of  inspec- 
tion, and  name  of  inspecting  officer. 

Owing  to  the  limited  number  of  officers  connected  with  the  Signal 
Service  during  the  year,  available  for  such  duty,  the  inspection  of  its 
stations  has  been  comparatively  suspended,  and  such  inspection  duty 
only  has  been  performed  as  could  be  done  by  the  assistants  to  the 
Chief  Signal  Officer,  in  addition  to  their  respective  duties  at  this 
office. 

The  efficiency  of  the  Signal  Service  work  depends  largely  upon 
thorough  inspections  of  the  several  stations  by  competent  inspecting 
officers,  and  it  is  to  be  regretted  that  the  force  of  officers  now  detailed 
as  Acting  Signal  Officers  is  so  limited  as  to  compel  the  suspension  of 
this  important  work.     To  insure  the  best  results  each  s^i: ion  should 


20  REPORT   OP   THE   CHIEF   SIGNAL   OFFICER. 

be  inspected  twice  a  year,  and  at  least  two  officers  should  be  kept  con- 
tinually on  this  duty.  In  inspecting  a  station  an  officer  is  required  to 
compare  the  instruments  at  the  station  with  the  standard  instruments 
with  which  he  is  provided  for  that  purpose.  These  comparisons  are 
necessary  for  the  correction  of  errors  which  may  occur  from  time  to 
time  in  the  station  instruments,  and  insni*e  the  reliability  of  the 
reports. 

Observers  and  assistants  are  also  examined  by  the  inspecting 
officers  as  to  their  practical  knowledge  of  their  duties  and  the  progress 
made  by  them  in  the  study  of  meteorology.  Inspectors  are  also 
required  to  confer  with  the  meteorological  committee  at  each  station 
inspected  for  the  purpose  of  ascertaining  the  manner  in  which  the 
duties  of  the  station  are  performed,  and  to  invite  suggestions  which 
would  tend  to  increase  the  usefulness  of  the  service  by  a  wider  diffu- 
sion of  the  reports.  The  full  instructions  under  which  inspectors  act, 
and  the  character  of  the  report  made  by  them,  are  given  in  appendix 
Ko.  31  of  my  last  annual  report. 

Oeneral  duties  of  observers  on  stations 

The  duties  of  enlisted  men  at  each  station  are  as  follows : 

At  stations  forwarding  telegraphic  reports,  they  are  required  to  take, 
put  in  cipher,  and  furnish,  to  be  telegraphed  tri-daily  on  each  day,  at 
different  fixed  times,  the  result  of  observations  made,  and  embracing 
in  each  case,  the  readings  of  the  barometer,  the  thermometer,  the  wind 
velocity  and  direction,  the  rain-gauge,  the  dew-point,  the  character, 
kind,  and  movement  of  upper  and  lower  clouds,  and  the  condition  of 
the  weather.  These  observations  are  taken  simultaneously  throughout 
the  whole  extent  of  the  territory  of  the  United  States. 

In  addition  to  the  three  telegraphic  reports,  two ,  taken  at  hours 
simultaneous,  viz:  11  a.  m.  and  7  p.  m.,  Washington  mean  time,  are 
made  and  recorded  at  each  station. 

A  sixth  observation  is  required  to  be  taken  at  the  exact  hour  of  sun- 
set at  each  station.  This  observation,  which  calls  for  a  careful  study 
of  the  western  sky,  and  such  other  local  signs  as  may  presage  fair  or 
foul  weather  for  the  ensuing  twenty-four  hours,  is  reported  with  the 
midnight  observation. 

At  stations  at  which  cautionary  signals  are  displayed,  an  observer 
must  be  constantly  on  duty  to  receive  the  order  and  show  the  signal, 
which  may  be  ordered  at  any  moment.  At  stations  from  which  river 
reports  are  furnished,  an  observation  and  record  of  the  depth  of  the 
water  is  made  and  reported  at  a  fixed  hour  on  each  day.  In  cases  of 
threatening  storms  or  dangerous  freshets,  any  station  may  be  called 
upon  to  make  hourly  reports.  In  cases  of  violent  thunder-storms, 
reports  Q*re  sometimes  made  hourly  during  its  continuance. 

The  data  thus  gathered  on  the  files  of  each  station  are  consolidated 
on  forms  which,  with  copies  of  the  telegraphic  cipher  reports,  are  for- 
warded monthly  to  the  central  office  in  the  form  of  a  careful  digest. 
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The  form  exhibited  in  appendix  No.  54  contains  a  very  complete  sum- 
mary of  all  the  meteorological  observations  taken  at  each  station  during 
tiie  month.  None  of  these  observations  or  records  ought  to  be  dis- 
pensed with,  nor  can  they  be  taken  and  recorded  more  economically. 
At  stations  where  the  population  warrants  it,  the  duties  of  the  enlisted 
men  are  increased  by  the  receipt  and  record  of  data  from  other  stations, 
to  be  exhibited  upon  written  bulletins  or  furnished  to  the  press  for 
public  use.  In  the  great  cities  there  are  the  further  duties  oi  display, 
at  the  rooms  of  the  boards  of  trade,  chambers  of  commerce,  and  other 
similar  places,  of  maps  on  which  the  meteoric  conditions  are  shown  by 
symbols. 

There  are  to  be  prepared  and  posted,  also,  by  the  enlisted  men  at  these 
stations,  bulletins  of  the  storm-warning  orders  as  received  from  the 
central  office,  on  which  appear  very  frequently,  in  addition  to  the  order, 
brief  notes  as  to  the  force  of  the  anticipated  storm,  the  direction  in 
which  it  may  be  moving,  the  names  of  places  menaced,  though  storm- 
signals  may  not  yet  have  been  ordered  at  them,  and  other  items  of 
information,  all  of  which  requii:e  to  be  carefully  copied  and  posted  with 
dispatch. 

In  cases  of  disasters  occurring  on  the  lakes  or  sea-coasts,  full  informa- 
tion concerning  which  is  often  in  possession  of  the  service,  or  in  the 
instances  of  any  matter  of  public  intei*est  coming  within  the  scope  of 
the  service,  the  station  force  is  required  to  exhibit  bulletins  containing, 
in  detail,  full  reports. 

The  local  offices  of  the  Signal  Service  are  always  places  of  resort  for 
those  desiring  to  be  informed  what  changes  of  weather  have  been 
particularly  noticed  or  are  likely  to  affect  the  various  industries  in 
which  the  populations  are  engaged. 

In  the  cities  upon  the  sea-coast  of  the  United  States,  or  at  the  lake 
ports,  the  offices  of  the  service  are  open  for  the  comparison  of  instru- 
ments; to  obtain  special  instrumental  readings;  to  make  examinations 
of  data,  or  to  furnish  whatever  information  may  be  practicable,  to  cap- 
tains of  vessels  or  others  concerned  in  shipping  interests.  The  enlisted 
men  stationed  on  telegraph  lines  ox)erated  and  maintained  by  the  Sig- 
nal Service  are  required  to  perform  the  duties  of  meteorological  ob 
servers  in  addition  to  those  of  operators  and  repairmen. 

The  cautionary  signal  flag  is  always,  when  flown  officially,  an  invi- 
tation to  mariners  or  others  interested  to  visit  the  offices  for  informa- 
tion. The  courtesies  and  duties  of  the  office  are  not  limited  to  the  peo- 
ple of  the  United  States  alone,  but  are  tendered  freely  to  foreigners. 

In  times  of  especial  emergencies,  or  danger  of  any  kind  threatening 
the  separate  States  or  United  States,  the  different  stations,  when  or- 
dered, telegraph  reports  in  cipher  upon  any  subject  under  the  attention 
of  superior  authorities. 

The  enlisted  men  in  charge  of  stations  are  responsible  for  the  care, 
cleanliness,  and  good  work  of  the  instruments;  the  clearness  of  the 
records ;  the  correctness  and  punctuality  of  the  reports;  the  display  of 
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signals  or  bulletins,  and,  in  fine,  for  the  conduct  and  good  condition  of 
the  station  itself.  It  has  been  considered  necessar}'  to  make  this 
description  thus  minute  that  it  may  be  understood  what  duties  are 
required  of  non-commissioned  officers  and  privates  of  the  Signal  Corps, 
in  addition  to  the  military  duties  heretofore  referred  to,  and  that  it 
may  be  understood  that  the  force  must  consist  of  men  of  more  than 
ordinary  acquirements  to  be  competent  for  such  duties,      r 

In  time  of  dangerous  pestilence  these  soldiers  are,  by  Iheir  duties, 
more  exposed  than  others  forces  of  the  army.  Other  forces  may  be 
moved,  for  sanitary  reasons,  to  places  of  comparative  Safety.  The 
exigencies  of  the  service,  and  the  necessity  of  continuing  the  regular 
series  of  observations,  have  required  that  the  enlisted  men  of  the  service 
should  remain  faithfully  at  their  posts,  during  some  of  the  worst  visita- 
tions of  disease  which  have  devastated  the  country. 

FARMERS'  BULLETIN. 

« 

This  bulletin  contains  the  general  synopsis  showing  the  meteorolog- 
ical conditions  which  have  prevailed  throughout  the  country  during 
the  preceding  twenty-four  hours,  and  the  weather  indications  for  the 
coming  twenty-four  hours.  It  is  distributed,  by  co-operation  of  the 
Post  Office  Department,  from  selected  centers  in  the  more  densely 
populated  regions  of  the  United  States,  and  displayed  at  post  offices  for 
the  special  benefit  of  those  iHterested  in  agriculture.  Many  applica- 
tion3  have  been  received  during  the  year  for  the  extension  of  this  work, 
and  in  every  case  the  bulletins  have  been  supplied,  when  the  place  from 
which  the  application  was  made  could  be  reached  in  time  to  render  the 
bulletin  of  service.  Eight  thousand  and  ninety- four  Farmers'  Bulletins 
have  been  distributed  and  displayed  in  frames,  daily,  at  as  many  dif- 
ferent post  offices.  At  one  o'clock,  a.  m.,  of  each  day,  except  Sunday, 
the  midnight  report  has  been  telegraphed,  during  the  year  ending 
June  30, 1882,  to  eighteen  centers  of  distribution,  located  in  the  follow- 
ing-named cities:  Albany,  N.  Y.,  339;  Bangor,  Me.,  211;  Boston, 
Mass.,  964;  Buffalo,  N.  Y.,  350;  Burlington,  Iowa,  220;  Chicago,  111., 
625;  Cincinnati,  O.,  787;  Des  Moines,  Iowa,  101;  Detroit,  Mich.,  362; 
Leavenworth,  Kans.,  180 ;  Logansport,  Ind.,  189 ;  Memphis,  Tenn.,  18; 
Nashville,  Tenn.,  184;  New  York,  N.  Y.,  776;  Pittsburgh,  Pa.,  452; 
Philadelphia,  Pa.,  1,179;  San  Francisco,  Cal.,-134;  Saint  Louis,  Mo., 
553.  The  figures  following  the  names  of  the  cities  denote  the  number 
of  iK)st  offices  supplied  from  each.  Four  hundred  and  eighty  copies  of 
the  bulletin  are  issued  daily  from  the  central  office  in  Washington. 
An  additional  printing  station  has  been  established  during  the  year  at 
Williamsport,  Pa.,  to  supply  the  wants  of  that  section. 

In  addition  to  the  bulletins  furnished  post  offices,  a  limited  number 
is  printed  at  each  station  to  supply  the  wants  of  individuals  specially 
interested.  These  bulletins  are  printed  at  the  signal  stations  imder 
the  direction  of  the  sergeant  in  charge. 
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The  synopsis  of  the  weather  and  the  indications,  are  telegraphed 
from  the  central  oMce  in  Washington,  at  1  a.  m.,  each  day,  and 
received  at  the  printing  stations,  where  they  are  at  once  printed  on 
bulletin  forms  provided  for  the  purpose.  Po^masters  receiving  the 
bulletin  are  required  by  the  Postmaster  General  to  display  it  imme- 
diately in  a  frame  furnished  by  this  office,  and  to  report,  in  writing,  to 
the  Chief  Signal  Officer  the  time  of  reeeipt  and  display  of  each  bulletin. 

Experiments  have  been  made  during  the  year,  with  a  view  of 
increasing  the  value  of  this  bulletiu,  by  the  addition  of  a  weather 
chart  of  the  United  states,  similar  to  that  which  is  published  daily  in 
the  ^^  New  York  Graphic,"  and  it  is  believed  that  in  a  short  time  these 
charts  may  be  successftdly  reproduced  on  the  Farmers'  bulletin.  At 
present  these  bulletins  exhibit,  in  addition  to  the  weather  synopsis 
and  indications,  the  general  laws  accompanying  weather  changes, 
and  notes  relative  to  the  climatology  of  the  different  sections,  which 
have  been  determined  by  careful  examination  of  the  data  collected  by 
the  Signal  Service  during  the  past  ten  years.  With  eacti  year  the  pop- 
ular knowledge  of  the  uses  of  this  bulletin,  enables  those  interested  in 
agriculture  to  judge  of  the  correctness  of  the  forecasts,  and,  with  the 
addition  of  the  proposed  weather  map,  individuals  will  be  able  to  make 
correct  predictions  of  the  weather,  for  localities  which  it  is  impossible 
to  provide  for  in  the  brief  sentence  which  expresses  the  prevailing 
weather  indications  anticipated  for  an  entire  district.  It  is  contem- 
plated, as  the  work  of  the  office  progresses,  to  add  to  this  bulletin 
brief  instructions  for  the  use  of  instruments  which  may  hereafter  be 
furnished  for  local  observers. 

RAILWAY  BULLETINS. 

This  service  has  been  maintained  during  the  year,  and  has  proven  of 
great  value  both  to  the  companies  co-operating  with  the  Signal  Service, 
and  to  the  citizens  of  the  sections  traversed  by  the  roads,  in  the  rapid 
transmission  of  the  weather  indications  issued  from  this  office.  This 
service  is  operated  on  the  lines  of  railway,  which,  upon  the  receipt 
of  the  synopsis  and  indications,  prepared  at  1  a.  m.,  each  day,  tele- 
graph and  bulletin  the  same  at  the  stations  along  the  line  of  the  rail- 
road, without  expense  to  the  United  States.  These  reports  are  distrib- 
uted under  the  supervision  of  the  superintendents  of  the  railway  tele- 
graphs, and  reports  are  made  to  this  office  by  the  station  agents  every 
two  weeks,  showing  the  time  of  receipt  of  the  bulletin.  Fifty  com- 
panies, with  a  total  of  two  thousand  three  hundred  and  six  stations,  are 
now  receiving,  daily,  the  weather  reports  from  this  office.  The  bulle- 
tin exhibits  the  forecasts  for  the  ensuing  tlay,  and  is  posted  in  a  con- 
spicuous place  for  the  benefit  of  the  traveling  public,  and  the  farmers 
and  other  residents  in  the  vicinity  of  the  road.  Many  of  the  officials 
of  the  co-operating  lines  have  expressed  great  satisfaction  at  the  receipt 
of  these  reports,  and,  in  a  numbef  of  cases,  the  benefits  to  the  companies 
performing  the  service,  in  regulating  the  shipment  of  perishable  goods, 
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have  been  acknowledged,  and  the  continuance  of  the  service  especially 
requested.  The  railway  companies  now  co-operating  in  this  work, 
with  the  namber  of  stations  on  each  line,  are  as  follows: 

1.  Atchison,  Topeka  and  Santa  FeEailroad,  G.  C.  Wheeler,  Oeneral 
Manager,  Topeka,  Kansas,  forty-three  stations. 

2.  Boston  and  Albany  Bailroad,  G.  O.  Bussell^  Superintendent^ 
Springfield,  Massachusetts,  fourteen  stations. 

3.  Burlington,  Gedar  Bapids  and  Northern  Bailroad,  G.  J.  Ives, 
General  Superintendent,  Cedar  Bapids,  Iowa,  eighty-one  stations. 

4.  Baltimore  and  Ohio  Bailroad,  John  Thomas,  (reneral  Superin- 
tendent, Ghicago,  Illinois,  ninety-nine  stations. 

5.  Boston  and  Lowell  Bailroad,  H.  £.  Ghamberlain,  Superintendent, 
Concord,  New  Hampshire,  thirteen  stations. 

6.  Boston  and  Maine  Bailroad,  J.  T.  Furber,  General  Superintend- 
ent, Boston,  Massachusetts,  thirty-four  stations. 

7.  Boston,  Barre  and  Gardner  Bailroad,  H.  M.  Witter,  Superintend- 
ent, Worcester,  Massachusetts,  seven  stations. 

8.  Chicago,  Milwaukee  and  Saint  Paul  Bailroad,  J.  T.  Clark,  Gen- 
eral Superintendent,  Milwaukee,  Wisconsin,  three  hundred  and  twenty- 
seven  stations. 

9.  Cleveland,  Columbus,  Cincinnati  and  Indianapolis  Bailroad,  B. 
B.  Thomas,  General  Manager,  Cleveland,  Ohio,  thirty-five  stations. 

10.  Chicago,  Saint  Paul,  Minneapolis  and  Omaha  Bailroad,  C.  F. 
Hatch,  General  Superintendent,  Saint  Paul,  Minnesota,  one  hundred 
and  twenty-five  stations. 

11.  Chicago  and  Northwestern  Bailroad,  J.  D.  Layng,  Geneva! 
Superintendent,  Chicago,  Illinois,  eighty-seven  stations. 

12.  Ghicago,  Burlington  and  Quincy  Bailroad,  H.  B.  Stone,  General 
Superintendent,  Chicago,  Illinois,  two  hundred  and  fifty-eight  stations. 

13.  Cumberland  Valley  Bailroad,  J.  F.  Boyd,  Superintendent,  Gham- 
bersburg,  Pennsylvania,  nine  stations. ' 

14.  Ghicago  and  West  Michigan  Bailroad,  C.  Harris,  General  Super- 
intendent, Muskegon,  Michigan,  forty-one  stations. 

15.  Cleveland,  Akron  and  Columbus  Bailroad,  N.  Monsarrat,  Gen- 
eral Superintendent,  Akron,  Ohio,  nine  stations. 

16.  Detroit,  Lansing  and  Northern  Bailroad,  T.  M.  Fish.  General 
Superintendent,  Ionia,  Michigan,  ten  stations. 

17.  Detroit,  Grand  Haven  and  Milwaukee  Bailroad,  W.  J.  Morgan^ 
Superintendent,  Detroit,  Michigan,  four  stations. 

18.  Eastern  Bailroad,  £.  B.  Phillips,  President,  Boston,  Massachu- 
setts, fifty-four  stations. 

19.  Flint  and  Pere  Marqifette  Bailroad,  Sanford  Keeler,  Superinten- 
dent, East  Saginaw,  Michigan,  nine  stations. 

20.  Fort  Wayne,  Cincinnati  and  Louisville  Bailroad,  W.  W.  Worth- 
ington,  General  Superintendent,  Fort  Wayne,  Indiana,  thirteen  sta- 
tions. * 
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21.  Grand  Trnnk  Railroad,  W.  J.  Spicer,  Superintendent,  Montreal, 
Quebec,  fourteen  stations. 

22.  Grand  Bapids  and  Indiana  Railroad,  W.  O.  Hnghart,  President, 
Grand  Rapids,  Michigan,  sixty- three  stations. 

23.  Huntingdon  and  Broad  Top  Mountain  Railroad,  G.  F.Gage, 
General  Superintendent,  Huntingdon,  Pennsylvania,  six  stations. 

24.  Indianapolis,  Peru  and  Chicago  Railroad,  V.  F.  Malott,  General 
Manager,  Indianapolis,  Indiana,  twenty-two  stations. 

25.  Kansas  City,  Fort  Scott  and  Gulf  Railroad,  L.  W.  Towne,  Super- 
intendent, Kansas  City,  Missouri,  twenty  stations. 

26.  Kansas  City,  Lawrence  and  Southern  Kansas  Railroad,  L.  W. 
Towne,  Superintendent,  Kansas  City,  Missouri,  nineteen  stations. 

27.  Kansas  City,  Saint  Joseph  and  Council  Bluffs  Raihroad,  J.  F. 
Barnard,  General  Superintendent,  Saint  Joseph,  Missouri,  eleven  sta- 
tions. 

28.  Lehigh  Valley  Railroad,  R.  H.  Sayre,  General  Superintendent, 
Bethlehem,  Pennsylvania,  thirty  stations. 

29.  Maine  Central  Railroad,  Payson  Tucker,  Superintendent,  Port- 
land, Maine,  twelve  stations. 

30.  Marietta  and  Cincinnati  Railroad,  C.  A.  Berry,  Superintendent 
of  Telegraph,  Chillicothe,  Ohi\),  nine  stations. 

31.  Memphis  and  Charleston  Railroad,  J.  F.  O'Brien,  General  Super- 
intendent, Knoxville,  Tennessee,  twelve  stations. 

32.  Memphis  and  Little  Rock  Railroad,  E.  K.  Sibley,  General  Man- 
ager, Little  Rock,  Arkansas,  thirteen  stations. 

33.  Norfolk  and  Western  Railroad,  Henry  Fink,  General  Manager, 
Lynchburg,  Virginia,  eight  stations. 

34.  New  York,  Ontario  and  Western  Railroad,  J.  E.  Childs,  General 
Superintendent,  Middletown,  New  York,  forty -nine  stations. 

35.  New  York  Central  and  Hudson  River  Railroad,  J.  M.  Toucy, 
General  Superintendent,  New  York  City,  thirty-one  stations. 

36.  New  York  and  New  England  Railroad,  S.  M.  Felton,  Jr.,  General 
Manager,  Boston,  Massachusetts,  sixteen  stations. 

37.  New  York,  Lake  Erie  and  Western  Railroad,  E.  S.  Bowen,  Gen- 
eral Superintendent,  New  York  City,  eight  stations. 

38.  Old  Colony  Railroad,  J.  R.  Kendrick,  General  Superintendent, 
Boston,  Massachusetts,  one  hundred  and  eight  stations. 

39.  Philadelphia,  Wilmington  and  Baltimore  Railroad,  H.  F.  Ken- 
ney.  General  Superintendent,  Philadelphia,  Pennsylvania,  forty-three 
stations. 

40.  Philadelphia  and  Reading  Railroad,  J.  E.  Wootten,  (General 
Manager,  Philadelphia,  Pennsylvania,  ei^ty-two  stations. 

41 .  Pennsylvania  Railroad,  Frank  Thofmson,  General  Manager,  Phi  la- 
delpbia,  Pennsylvania,  two  hundred  and  seventy -two  stations. 

42.  Providence  and  Worcester  Railroad,  W.  E.  Chamberlain,  Super- 
intendent, Providence,  Rhode  Island,  thirteen  stations. 
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43.  Pittsborgy  Fort  Wayne  and  Chicago  Railroad,  G.  E.  Gorham, 
Superintendent,  Pittsburg,  Pennsylvania,  thirty-five  stations. 

44.  Portland  and  Ogdensburg  Railroad,  J.  Hamilton,  Superinten- 
dent, Portland,  Maine,  twelve  stations. 

45.  Richmond  and  Danville  Railroad,  T.  M.  R.  Talcott,  General  Man- 
ager, Richmond,  Virginia,  twelve  stations. 

46.  Rome,  Watertown  and  Ogdensburg  Railroad,  E.  A.  Van  Home, 
General  Superintendent,  Oswego,  New  York,  seventeen  stations. 

47.  Saint  Louis  and  San  Francisco  Railroad,  W.  D.  >Littlefleld, 
Superintendent  of  telegraph,  Springfield,  Missouri,  thirty-seven  sta- 
tions. 

48.  Southern  Central  Railroad,  J.  G.  Knapp,  Superintendent, 
Auburn,  New  York,  twenty-one  stations. 

49.  Saint  Louis,  Vandalia,  Terre  Haute  and  Indianapolis  Railroad, 
J.  Hill,  General  Superintendent,  Saint  Louis,  Missouri,  twenty -one  sta- 
tions. 

50.  Worcester  and  Nashua  Railroad,  G.  W.  Hurlburt,  Superinten- 
dent, Worcester,  Massachusetts,  eighteen  stations. 

BELATIONS  WITH  COMMEBGIAL    ORGANIZATIONS. 

The  service  continues  its  co-operation  with  the  boards  of  trade  and 
chambers  of  commerce  of  the  principal  cities  throughout  the  country, 
and  also  with  a  large  number  of  agricultural  societies.  Many  of 
these  organizations  have  appointed  special  committees  to  confer 
with  the  Chief  Signal  Officer  upon  matters  relating  to  the  Signal 
Service,  as  far  as  it  affects  the  commercial  interests  of  their  respect- 
ive sections.  The  organizations  which  are'  thus  co-operating  with  the 
office  are  given  in  appendix  No.  56.  The  appointment  of  these  com- 
mittees enables  the  Chief  Signal  Officer  to  refer  questions  of  local 
interest  to  those  whose  knowledge  of  the  facts  in  each  case  renders 
them  competent  to  olBTer  suggestions.  These  committees  inspect  the 
signal  stations  and  report  direct  to  the  Chief  Signal  Officer  any  fail- 
ure on  the  part  of  the  observer  in  charge  of  the  station  to  properly 
perform  his  duties,  and  offer  suggestions  as  to  the  best  means  of 
extending  the  usefulness  of  the  service.  The  Chief  Signal  Officer 
takes  pleasure  in  publicly  acknowledging  his  indebtedness  to  these 
organizations  for  the  performance  of  duties  which  have  been  fully 
appreciated  and  have  greatly  beneficed  the  service. 

FROST  WARNINGS,  NORTHERS,  ETC. 

The  system  of  frost  warnings  for  the  benefit  of  the  sugar  interests 
in  Louisiana  has  been  continued. 

Indications  of  approaching  frost  are  telegraphed  to  New  Orleans, 
where  they  are  furnished  to  the  press,  and  to  the  secretary  of  the  Smgar 
Planters'  Association.  This  association  has  undertaken  to  forward 
the  warnings  by  telegraph  to  the  different  plantations  in  the  sugar 
district. 
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During  the  coming  j'ear  it  is  proposed  to  telegraph  frost  warnings 
direct  from  this  office  to  all  telegraph  offices  in  the  sugar-growing  sec- 
tion. 

A  new  district  has  been  established  in  Texas,  consisting  of  Fort 
Bend,  Brazoria,  Wharton,  and  Matagorda  counties.  The  frost  warnings 
for  this  district  will  be  sent  to  Galveston,  Texas,  the  cotton  exchange 
at  that  point  assuming  charge  of  their  distribution. 

It  is  proposed  to  establish  during  the  coming  fall  a  system  of  frost 
warnings,  similar  tx)  those  mentioned  above,  for  the  benefit  of  the 
tobacco-growing  interests  of  the  country.  The  following  points  have 
been  selected  as  centers  to  which  warnings  will  be  telgraphed  from 
this  office,  and  arrangements  have  been  made  with  the  telegraph  and 
railroad  companies  for  their  rapid  distribution  from  these  i)oints 
throughout  the  tobacco-growing  sections  of  the  country : 

Lexington,  Kentucky;  Louisville,  Kentucky;  Nashville,  Tennessee 
Memphis,  Tennessee;  Cincinnati,  Ohio;  Marietta,  Ohio ;  Wheeling 
West  Virginia;  Washington,  District  of  Columbia;  Harrisburg,  Penn 
sylvania;  York,  Pennsylvania;  Lancaster,  Pennsylvania;  Beading 
Pennsylvania;  Oxford,  Pennsylvania;  Elmira,  New  York;  Lynchburg 
Virginia;  Bichmond,  Virginia ;  Baleigh,  North  Carolina;  Salisbury 
North  Carolina ;  Saint  Louis,  Missouri ;  West  Quincy ,  Missouri ;  New; 
Haven,  Connecticut;  Hartford,  Connecticut;  Springfield,  Massachu 
setts,  and  Madison,  Wisconsin. 

These  warnings  are  received,  as  a  rule,  from  thirty -six  to  forty-eight 
hours  in  advance  of  the  cold  wave. 

A  service  similar  in  all  respects  to  this,  but  for  the  benefit  of  the 
orange-growers  of  Florida,  is  also  in  operation.  Notifications  of  antici- 
pated frosts  are  telegraphed  to  the  Signal  Service  observer  at  JfUsk- 
sonville,  who  communicates  the  warnings  by  all  available  means  to 
those  interested  in  orange  culture  throughout  the  state. 

At  the  solicitation  of  those  interested  in  the  cultivation  of  wheat 
and  other  grains  in  the  Northwest,  it  is  contemplated  to  establish  a 
service  similar  to  that  now  in  operation  for  the  benefit  of  the  cotton 
interests,  which  will  enable  this  office  to  publish  in  the  journals  of  the 
northwest  the  daily  rainfall  and  temperature  as  determined  from  a 
large  number  of  stations. 

The  system  of  warnings  of  the  approach  of  "  northers  "  in  the  south- 
western section  of  the-country  and  in  Texas  has  been  continued  with 
gratifying  results,  and  all  railroads  traversing  the  sections  visited  by 
these  destructive  storms  are  in  active  co-operation  with  this  office  in 
the  execution  of  this  important  work.  These  storms  are  attended  by 
areas  of  high  barometer,  which  first  appear  in  the  extreme  northwest, 
and  the  warnings  are  generally  received  in  the  threatened  localities 
from  twelve  to  twenty-four  hours  in  advance,  thus  giving  ample  time 
for  agriculturists,  ranchmen,  and  others  who  may  be  able  to  receive 
the  notifications,  to  prepare  for  their  approach.    This  system  of  warn- 
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ings,  which  is  highly  prized  by  the  citizens  of  the  southwestern  sec- 
tion of  the  country,  will  be  extended  as  facilities  offer. 

The  warnings  of  the  approach  of  '^  northers"  are  now  sent  to  the 
following  railroads,  which  forward  them  by  telegraph  to  the  various 
stations  on  their  respectiye  lines : 

Burlington  and  Missouri  Eiver  Railroad,  in  Nebraska,  Omaha,  Ne- 
braska. 

Atchison,  Topeka  and  Santa  Fe  Bailroad,  Topeka,  Kansas. 

Missouri  Pacific  Railroad,  Saiut  Louis,  Missouri. 

Saint  Louis,  Iron  Mountain  and  Southern  Bailroad,  Saint  Louis, 
Missouri.  ... 

Saint  Louis  and  San  Francisco  Bailroad,  Springfield,  Missouri. 

International  3<nd  Great  Northern  Bailroad,  Palestine,  Texas. 

Dallas  aud  Wichita  Bailroad,  Dallas,  Texas. 

Missouri  and  Arkansas  Division,  Texas  and  Saint  Louis  Bailroad, 
Tyler,  Texas. 

Texas  and  Pacific  Bailroad,  Marshall,  Texas. 

Texas  and  New  Orleans  Bailroad,  Houston,  Texas. 

Houston  and  Texas  Central  Bailroad,  Houston,  Texas. 

Galveston,  Harrisburg  and  San  Antonio  Bailroad,  Columbus,  Texas. 

Galveston,  Houston  and  Henderson  Bailroad,  Galveston,  Texas. 

Texas  Mexican  Bailroad,  Corpus  Christi,  Texas. 

As  an  evidence  of  the  interest  taken  in  the  special  work  of  the  Sig- 
nal Service  by  the  most  prominent  agriculturists  of  the  country,  I  take 
pleasure  in  inviting  your  attention  to  the  following  report,  which  was 
unanimously  adopted  by  the  convention  of  agriculturists  which  met 
in  thecity  of  Washington,  January  10, 1882 : 

The  committee  appointed  to  consider  the  relations  of  the  United  States  Signal  Ser- 
vice to  the  agricultural  interests  of' the  country,  and  to  present  such  statements  and 
suggestions,  as  might,  in  the  judgment  of  this  convention,  be  deemed  proper  to  be 
commended  to  the  attention  of  Uie  Chief  Signal  Officer,  General  W.  B.  Hazen,  beg 
leave  to  submit  the  following  report : 

1.  The  Chief  Signal  Officer  has  already  instituted  special  services  for  the  benefit  of 
agriculture,  by  way  of  forecasting,  and,  as  far  as  practicable,  giving  timely  notice  of 
the  approach  of  northers,  frosts,  rain  storms,  &c.  The  cotton,  sugar,  and  orange  pro- 
ducers are  understood  to  be  the  special  beneficiaries  of  this  service.  Within  the  cotton- 
belt  there  are  now  one  hundred  and  fifty  stations,  from  which  daily  reports  of  tempei- 
ature  and  rainfall  are  received.  A  special  service  is  also  under  consideration  for  the 
benefit  of  the  grain-growing  interests.  The  feasibility  of  extending  similar  services  to 
other  agricultural  interests,,  and  notably  those  of  hay  and  tobacco,  is  suggested. 

2.  The  Chief  Signal  Officer  h^  already  suggested  to  the  j^overnors  of  the  several 
states,  the  expediency  of  instituting  a  system  of  weather  service,  to  be  conducted  by 
the  state  autnorities,  upon  a  plan  furnished  by  the  United  States  Signal  Service. 
Meteorological  data  could  thus  be  gathered,  through  the  agency  of  the  state  central 
officers,  from  every  county  in  each  state,  and  thus  the  climatic  conditions  of  every 
locality  be  made  known.  The  data  thus  collected  and  published  by  the  United  States 
Signal  Service,  would  be  available  for  every  purpose  for  which  such  data  are  needed, 
and  could  be  especially  utilized  bjr  the  Department  of  Agriculture,  in  determining 
important  questions  relating  to  agricultural  production.  For  instance,  if  studied  in 
connection  with  the  thorough  and  comprehensive  crop  reports,  so  earnestly  and  justly 
insisted  upon  by  this  convention,  they  would  furnish  means  of  ascertaining  to- what 
belts  or  sections  of  country,  certain  crops  are,  or  are  not,  appropriate.  Some  of  the 
states  have  already  adopted  the  suggestion  of  the  Chief  Signal  Officer  respecting  the 
institution  of  services,  and  in  other  states  the  matter  is  awaiting  l^islative  action. 

3.  The  United  States  Signal  Service  is  conducting  observations  with  a  view  to  suggest, 
if  possible,  some  means  of  preventing  the  devastations  of  grasshoppers  in  the  west.    It 
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is  suggested  by  the  Chief  Signal  Officer  that  it  may  be  practicable  to  search  them  out 
in  their  fastnesses  and  destroy  them  before  they  begin  to  migrate  from  their  hatching 
grounds. 

4.  These  measures  adopted  by  the  Chief  Signal  Officer,  in  the  interests  of  agriculture, 
are  duly  recognized  and  appreciated  by  this  convention,  and  they  cordial^  indorse 
any  efforts  he  may  make  to  secure  on  the  part  of  Congress,  such  legislative  action  as 
may  enable  him  to  carry  out  these  and  any  other  measures  which  tend  to  advance  the 
manifold  agricultural  interests  of  our  entire  country. 

REPORTS  FOR  THE  BENEFIT  OF  THE  COTTON  INTERESTS. 

r 

« 

This  important  system  of  reports  which  wa^s  referred  to  in  my  last 
annual  report,  has  been  thoroughly  organized  and  successfully  oper- 
ated since  September,  1881.  It  was  inaugurated  at  the  earnest  solici- 
tation of  many  prominent  citizens  of  the  south,  especially  cotton -grow- 
ers, and  those  interested  in  the  production  of  this  important  staple. 
The  plan  of  work  was  made  feasible  by  the  generous  co-operation 
of  the  railway  and  telegraph  officials  in  the  sections  of  the  country 
where  the  stations  are  located.  During  the  present  sea.son,  the  reports 
have  been  regularly  distributed  from  the  various  centers,  and  by 
means  of  an  interchange  of  reports  all  the  prominent  cities  of  the 
south  are  supplied  with  information  daily,  showing  the  temperature  and 
rainfall  in  the  cotton  districts.  This  is  published  in  the  newspapers, 
bulletined  at  cotton  exchanges,  and  at  other  prominent  places  where 
business  men  assemble,  and  is  therefore  readily  obtained.  Tables  show- 
ing the  monthly  means  of  rainfall  and  temperature  in  the  cotton  districts, . 
have  been  regularly  published  in  the  Monthly  Weather  Review 
of  this  office.  These  will  be  continued  from  month  to  month  during 
successive  years,  and  by  comparison  with  the  cotton  production  of  cor- 
responding years  it  is  believed  that  the  conditions  particularly  favor- 
able or  unfavorable  to  the  growth  of  cotton  in  each  district,  may  be 
determined  some  months  in  advance  of  the  time  at  which  planters  are 
at  present  enabled  to  estimate  the  probable  value  of  the  crop.  This 
work  has  been  esi>ecially  commended  by  the  commercial  organizations 
of  the  country.  The  monthly  mean  tables  have  also  been  favorably 
noticed  by  foreign  journals,  and  the  hope  expressed  that  their  publica- 
tion might  be  continued. 

The  following  resolution  was  adopted  by  the  Meteorological  Com- 
mittee of  the  New  York  Cotton  Exchange,  at  a  meeting  held  on  the 
23d  of  August,  1882 : 

Resolved,  That  the  weather  reports  of  the  United  States  Signal  Service  are  of 
great  use  to  the  members  of  the  New  York  Cotton  Exchange  and  to  the  trade  at  large. 

As  the  cotton  crop  is  more  or  less  at  risk  for  nine  months  of  the  year,  there  is 
l^at  need  of  prompt,  accurate  and  impartial  information  concerning  the  atmospheric 
influences  and  the  changes  therein,  the  rainfall  and  the  temperatures. 

In  past  seasons  we  have  put  full  faith  in  the  reports  of  the  United  States  Signal 
Service,  which  we  have  not  found  misplaced,  and  we  recognize  with  pleasure  and 
approval  the  eflTorts  of  the  service  to  extend  and  perfect  the  reports,  and  we  will 
heartily  co-operate  with  it  to  that  end. 

(Signed)  WALTER  T.  MILLER. 

Chairman,  Ac. 

At  a  meeting  of  the  Cincinnati  Cotton  Exchange,  held  August  21, 
1882,  the  following  resolution  was  unanimously  adopted : 
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Resolvedf  That  the  Cincinnati  Cotton  Exchange  desires  to  express  its  approbation 
of  the  great  value  of  the  weather  report  of  the  cotton-belt,  as  published  in  dai^  papers, 
to  planters  and  merchants  of  not  only  the  cotton  section,  but  of  everj  part  oi  the 
country,  and  that  whenever  the  fund  appropriated  by  Congress  will  admit  of  it,  to  ex- 
tend its  reports  from  a  greater  number  of  points. 

(Signed)  JOHN  R.  KING, 

'  Secretary  Cincinnati  Cotton  Exchange. 

Extract  from  minutes  of  meeting  of  Board  of  Directors  of  Little  Bock 
Cotton  and  Prod^ice  Exchaqge : 

Resolved,  That  the  Board  of  Directors  of  the  Little  Rock  Cotton  and  Produce 
Exchange  give  their  unqualified  indorsement  of  the  system  of  reports  adopted  by  the 
Signal  Bureau  to  advance  the  intelligent  cultivation  of  crops  in  the  cotton-growing 
regions. 

Resolved,  That  the  information  thus  furnished  is  of  inestimable  value,  not  only  to 
tbe^  residents  of  this  region,  but  to  extended  commercial  interests  throughout  the 
entire  country,  which  are  so  closely  interwoven  with  the  prosperity  of  the  cotton  states. 

Resolved,  That  the  thanks  of  this  directory  are  due  to  the  Ctuef  Signal  Officer  for 
the  prompt  and  efficient  manner  in  which  these  reports  have  been  furnished,  and  that 
it  be  ursed  upon  him  that  a  discontinuance  of  this  service  would  be  regarded  as  a 
great  calami^. 

Resolved,  That  the  secretary  be  instructed  to  transmit  a  copy  of  these  resolutions, 
without  delay,  to  the  Chief  Signal  Officer  at  Washington. 

(A  true  copy.) 

(Signed)  H.  H.  BRICE. 

Secretary, 

At  a  called  meeting  of  the  Merchants'  Exchange^  of  KaBhyille^ 
Tennessee,  August  25,  1882,  the  following  resolution  was  unani- 
mously adopted : 

Resolved,  That  the  reports  of  the  weather  in  the  cotton-belt,  furnished  by  the  Signal 
Corps  of  the  U.  S.  Army,  are  of  inestimable  benefit  to  the  cotton-growing  interest,  and 
could  not,  in  our  opinion,  be  dispensed  with,  without  great  injury  to  the  same ;  and 
tliat  we  believe  the  best  interest  of  the  country  will  be  subserved  by  maintaining  and 
extending  the  field  of  operations  of  the  Signal  Service. 

(Signed)  0.  H.  HIGHT, 

Secretary. 

Appendix  Ko.  11  presents  the  general  plan  of  this  work,  with  a 
list  of  the  stations;  and  a  chart  showing  the  several  cotton  districts  is 
published  in  the  Monthly  Weather  Eeview  of  April,  1882. 

EOCKY   MOUNTAIN  LOCUSTS. 

In  1877,  this  bureau  was  invited  to  co-operate  with  the  United  States 
Entomological  Commission,  in  collecting  and  summarizing  all  obtaina- 
ble data  relating  to  the  origin,  habits,  flight,  and  devastations  of  the 
grasshoppers  or  locusts  in  the  regions  west  of  the  Mississippi  river. 
All  stations  of  the  Signal  Service  west  of  the  93d  meridian,  and  east 
of  the  Bocky  mountains,  are  required  to  report  from  March  to  Novem- 
ber, ''  the  date  of  appearance  of  the  locusts,  the  direction  and  velocity 
of  the  wind  and  state  of  the  weather  at  the  time  of  observation,  &c," 
and,  generally,  all  information  which,  when  systematically  arranged 
ahd  studied,  will  aid  the  entomologist  to  foretell,  with  more  orlesscer-' 
tainty,  the  annual  and  periodical  return  of  noxious  insects,  particularly 
the  western  locusts. 
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It  is  now  one  of  the  regular  daties  of  observers  of  the  Signal  Servioe 
i^  the  territory  afSicted  by  this  scourge,  to  make  report  of  all  facts 
connected  with  these  insects  of  which  they  may  become  cognizant. 
Much  of  the  data  given  to  the  public  in  the  report  of  the  Entomolo- 
gical Commission  was  furnished  by  the  observers  of  the  Signal  Service, 
and  an  important  contribution  to  the  subject  of  the  hatching  of  locusts^ 
eggs,  based  on  our  observations  of  temperature,  has  been  made  by  one 
of  the  assistants  to  the  Chief  Signal  Officer.  During  the  summer  just 
past  every  preparation  was  made,  through  the  regular  and  many  vol- 
unteer observers,  to  have  reports  furnished  this  office  of  the  movements 
of  grasshoppers  and  locusts;  but  it  is  agreeable  to  report  that  in  no 
instance  has  any  mention  of  damage  been  made.  These  instructions 
are  continuing,  and  in  future  years  opportunities  may  offer  for  this 
service  to  give  notice,  some  timie  in  advance,  of  the  approach  of  these 
destructive  insects. 

TELEGRAPH  DIVISION. 

• 

The  importance  of  a  thorough  and  systematic  sapervisi6n  over  the 
telegraphic  work  ^f  this  bureau,  and  the  dependence  of  the  #)rk  of 
this  office  on  efficient  and  prompt  transmission  of  all  reports,  have  led 
to  the  formation  of  a  new  division. 

I  have  therefore  established  a  division  in  this  office  to  be  known  as 
the  '^Telegraph  Division,"  and  placed  it  under  the  charge  of  an  expe- 
rienced officer,  who  has,  under  the  direction  of  the  Chief  Signal  Officer, 
entire  supervision  of  all  the  telegraphic  work  of  the  Signal  Service , 
consisting  of— 

The  transmission  of  the  weather  reports  and  special  messages  by 
telegraph ; 

The  supervision  of  all  the  divisions  of  the  United  States  military 
telegraph  lines,  their  operation,  maintenance,  and  fiscal  management ; 

The  supervision  of  the  construction  of  all  Signal  Service  telegraph 
lines; 

The  direct  control  of  the  seacoast  telegraph  lines,  and  the  men 
serving  thereon ; 

The  preparation  of  all  estimates  for  material  to  be  used  in  the  con- 
struction of  United  States  military  telegraph  lines,  and  supplies  for 
the  sea-coast  lines; 

The  revision  of  all  estimates  from  officers  in  charge  of  divisions  of 
United  States  military  telegraph  lines; 

The  inspection  of  the  accounts  of  officers  in  charge  of  United  States 
military  telegraph  lines  before  they  are  transmitted  to  the  examiner's 
office; 

The  auditing  in  this  office  of  all  telegraph  bills ; 

The  testing  and  inspection  of  all  telegraph  material  and  instrumentiS ; 

The  charge  of  the  cotton -belt  system  of  reports ;  » 

The  collection  and  dissemination  of  reports  of  the  frost,  '*northers," 
locusts,  and  flood  predictions ; 
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The  preparation,  jointly  with  the  property  and  disbursing  officer, 
of  lists  of  all  articles  required  for  the  supply  of  the  telegraph  lines. 

Telegraphic  circuits. 

The  system  of  telegraphic  circuits  for  transmission  of  weather 
reports  (Extends  over  the  United  States,  and,  by  arrangement,  over  the 
West  Indies  and  the  most  populous  portions  of  the  Dominion  of  Can^- 
ada.  A  telegraph  circuit  is  a  definite  length  of  telegraph  lines,  to  be 
worked  without  relaying,  connecting  certain  defined  places.  All  Sig- 
nal Service  stations  on  a  circuit  forward  weather  reports  over  it  at 
stipulated  rates.  Thus,  the  *^ Washington  and  Cincinnati  circuit" 
connects  Washington,  District  of  Columbia,  and  Cincinnati,  Ohio, 
running  via  Pittsburgh,  Pennsylvania,  and  Columbus,  Ohio.  Mes- 
sages are  sent  through,  from  one  end  to  the  other,  directly,  and  for 
this  particular  circuit  the  rate  is  two  cents  per  word.  The  system  of 
telegraphic  circuits  embraces  the  lines  of  the  Western  Union,  North- 
western, International  Ocean,  West  India  and  Panama,  Montreal, 
Domij|ion  Government,  and  Florida  telegraph  companies,  and  a  num- 
ber 01  small  companies  controlled  by  the  Western  Union  company. 

Working  in  unison  with  this  system  of  circuits,  for  the  purpose  of 
forwarding  weather  reports,  are  the  United  States  military  telegraph 
lines,  and  the  sea-coast  telegraph  line. 

Por  the  privilege  of  the  circuit  system,  rates  are  paid  in  excess  of 
those  for  ordinary  government  messages,  but  when  it  is  considered 
that  each  station  receives  all  reports  passing  over  the  circuit  upon 
which  it  is  located,  without  extra  expense,  the  average  cost  of  the  sys- 
tem is  far  less  than  it  would  be  under  the  schedule  of  rates  for  ordinary 
government  messages. 

The  average  time  consumed  in  transmitting  these  reports  to  this 
office  over  the  principal  circuits,  at  each  signal  hour,  is  about  fifty 
minutes,  and  the  time  elapsing  between  the  hour  of  observation  and 
the  delivery  of  the  *' indications''  to  the  press,  has  been  about  one 
hour  and  forty  minutes. 

The  system  of  telegraphic  cipher  devised  at  this  office  for  the  trans- 
mission  of  weather  reports,  secures  a  great  reduction  in  the  cost  of  tel- 
egraphing. 

Six  hundred  and  fifty-two  thousand,  nine  hundred  and  fifty-two 
cipher  words  of  weather  reports  have  been  received  at,  and  thirty-one 
thousand,  three  hundred  sent  from,  this  office  during  the  year  ending 
June  30, 1882.  Fifteen  thousand,  nine  hundred  and  eighty  telegi*aphic 
messages  (exclusive  of  those  sent  and  received  by  the  sea-coast  line), 
other  than  weather  reports,  were  received;  and  eight  thousand,  six 
hundred  and  ten  sent  in  the  same  period.  There  were  also  received 
during  the  same  period  two  thousand,  one  hundred  and  ninety  cipher 
words  of  special  river  reports. 
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SEA-OOAST  TELEGBAPH  LINE. 

The  total  lehgth  of  sea-coast  telegraph  line,  constructed  and  operated 
by  the  Signal  Service,  is  six  hundred  and  ten  miles,  extending  from 
Sandy  Hook,  New  Jersey,  to  the  mouth  of  the  Gape  Fear  river,  North 
Carolina.  The  lines  on  the  immediate  coast  are  connected  with  this 
office  by  means  of  leased  lines,  and  the  stations  of  the  Signal  Service, 
occupied  by  the  enlisted  men  of  the  Signal  Corps,  are  so  located  as  to 
be  of  the  greatest  service  to  shipping;  and  they,  in  connection  with 
the  Life-saving  Service,  constitute  a  coast-guard,  the  value  of  which 
has  frequently  been  proven  by  the  prompt  assistance  rendered  in  re- 
sponse to  wreck  reports  transmitted  over  the  sea-coast  telegraph  line. 

The  experience  of  this  service  in  past  years,  in  connection  with 
these  lines,  leaves  no  doubt  as  to  the  importance  of  maintaining  those 
already  constructed  and  the  necessity  of  extending  them,  especially 
along  the  New  England  coast. 

The  total  number  of  messages  received  over  the  sea-coast  line  dur- 
ing the  year  ending  June  30, 1882,  was  eleven  thousand  five  hundred 
and  twenty-nine;  the  total  number  sent  in  the  same  period,  seven 
thousand  one  hundred  and  fifty,  or  a  total  of  eighteen  thousand  six 
hundred  and  seventy-nine  received  and  sent. 

During  the  past  year  the  south  shore  end  of  the  cable  at  Bear  Inlet, 
North  Carolina,  was  lengthened  three  hundred  and  fifty  yards  on 
account  of  the  widening  of  the  inlet. 

Between  Sandy  Hook,  New  Jersey,  and  Smithville,  North  Caroling, 
there  are  twenty-eight  cables,  varying  in  length  from  forty  feet  to 
three  and  one-half  miles,  and  having  a  total  length  of  eighteen  miles. 

A  new  heavy  armor  cabte  was  laid  at  the  Delaware  Breakwater,  the 
old  one  having  been  frequently  broken  and  rendered  useless  by  ves- 
sels dragging  their  anchors  in  storms  and  fouling  it. 

All  vessels  passing  the  Delaware  Breakwater  and  Cape  Henry  are 
reported  by  telegraph  to* Philadelphia,  Baltimore,  New  York,  and  to 
this  office,  as  soon  as  sighted,  and  copies  of  the  telegrams  are  fur- 
nished to  the  different  shipping  exchanges  at  once,  by  messenger,  and 
to  the  public  through  the  columns  of  the  daily  press. 

The  act  of  Congress  authorizing  this  service,  contemplates  the  estab- 
lishment of  signal  stations  at  life-saving  stations  and  light-houses  at 
points  along  the  coast,  in  such  manner  that  the  coast  and  sea  in  their 
vicinity  may  be  at  once  kept  under  observation,  warning  of  approach- 
ing storms  be  given  to  vessels  within  signal  distance,  and  information 
of  disasters  and  other  incidents  occurring  be  rapidly  conveyed  to  the 
chain  of  life-saving  stations,  to  ports  from  which  aid  may  come  in 
case  of  need,  and  to  this  office. 

Communication  on  telegraph  lines  operated  by  the  Signal  Corps  need 
not  be  interrupted  by  the  breaking  of  wires  or  cables,  as  messages 
may  be  transmitted  over  extensive  breaks  by  means  of  the  usual  day 
and  night  signals  with  flags  and  torches. 
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The  enlisted  men  at  these  stations  are  taaght  to  take  and  report 
meteorological  observations,  and,  as  signal  men,  are  practiced  in  both 
the  army  and  navy  codes  of  international  flag  signals,  to  enable  them 
to  commnnicate  with  vessels  of  any  nationality.  The  service  has 
proved  its  usefulness  in  the  cases  of  disaster  to  shipping,  and  for  the 
meteorological  purposes  for  which  it  was  established. 

The  Signal  Service  is  required  by  law  to  provide  all  official  coast 
signals  used  on  the  coasts  of  the  United  States.  To  carry  into  effect 
the  provisions  of  this  law,  there  was  issued  from  this  office  in  1878  a 
partial  code  of  ^^  Danger  or  Distress  Signals,"  to  be  used  and  recog- 
nized on  the  coasts  of  the  United  States.  This  circular  has  been  re- 
vised and  enlarged  and  now  contains  a  ^^  Shipmasters'  Weather  Code," 
which,  when  published,  will  facilitate  the  transmission  of  messages  to 
passing  vessels,  and  enable  this  office  to  communicate  the  weather  con- 
ditions prevailing  or  indicated  on  any  portion  of  the  coasts  of  the 
United  States. 

Temporary  telegraph  wreck  stations. 

These  stations  are  established  in  the  immediate  vicinity  of  wrecks  by 
an  enlisted  man  of  the  Signal  Corps,  from  the  nearest  station,  and  the 
occurrence  of  the  wreck  immediately  reported  by  telegraph  to  this 
office,  and  the  necessary  aid  summoned  from  the  neighboring  stations. 
In  previous  reports  have  appeared  accounts  of  special  services  on  this 
liDe,  in  which  it  was  clearly  shown  that  valuable  cargoes  have  been 
saved  by  the  assistance  which  it  would  have  been  impossible  to  secure 
had  these  lines  not  been  in  operation.  The  following  wreck  stations 
have  been  established  during  the  year : 

During  the  night  of  October  <5,  1881,  three  schooners  went  ashore 
on  the  coast  of  Korth  Carolina,  near  Life-saving  Station  No.  20.  The 
Signal  Service  assistant  at  Hatteras  started  immediately  for  the 
scene  of  the  wrecks  and  opened  a  telegraph  station,  at  which  he 
remained  until  the  13th,  keeping  up  communication  between  the 
wrecked  vessels  and  thisoffice.  The  vessels  were  the  schooner  '<  Charles," 
,  of  Beaufort,  North  Carolina,  Captain  J.  E.  Ireland;  schooner  "  H.  W. 
MacCaJly,"  of  Philadelphia,  Captain  Isaiah  Doughty,  and  the  three- 
masted  schooner  "Thomas  J.  Lancaster,"  Captain  Hunter,  of  Phila- 
delphia. The  crews  of  the  first  two  vessels  were  saved  by  the  crews 
of  Life-saving  Stations  Nos.  20  and  21.  The  "  Lancaster  "  had  thirteen 
persons  on  board.  Of  these,  seven  were  lost,  including  Captain  Hunter, 
his  three  children,  and  the  first  mate.  The  Captain^s  wife  was  saved. 
The  second  mate  was  brought  ashore  with  a  broken  thigh,  and  medical 
assistance  summoned  by  telegraph.  All  these  vessels  proved  total 
wrecks.  The  Signal  Service  operator  and  life-saving  crews  rendered 
assistance  in  caring  for  the  survivors  and  burying  the  bodies  washed 
ashore. 

The  schooner  ^' James  W.  Brown,"  of  Belfast  Maine,  went  ashore  at 
9  p.  m.  on  November  23,  1881,  at  Lynn  Haven  Bay,  Virginia,  five 
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miles  north  of  the  signal  station  at  Gape  Henry.  The  captain  and  three 
of  the  crew  managed  to  reach  the  shore.  The  Signal  Service  operator 
at  Cape  Henry  promptly  notified  Life-saving  Station  No.  1,  by  tele- 
phone, and  at  once  started,  with  the  crew  of  the  life-saving  station,  for 
the  scene  of  the  wreck.  The  life-boat  was  launched,  and  proceeding  to 
the  vessel  rescued  the  three  remaining  seamen,  who  were  benumbed 
by  cold  and  exposure.  Telegrams  were  sent  to  Norfolk  for  assistance, 
and  the  owners  of  the  vessel  notified  of  the  disaster,  but  the  vessel  and 
greater  part  of  the  cargo  were  lost. 

On  January  17, 1882,  about  midnight,  the  Dutch  steamer  "  Neder- 
land  "  went  ashore  about  one-quarter  of  a  mile  south  of  Cape  Henry 
station.  The  steamer  was  seen  by  the  observer  at  the  station  before  it 
struck,  and  the  life-saving  station  was  notified  by  telephone,  the  crew 
arriving  at  the  vessel  a  few  moments  after  it  stranded.  The«  steamer 
fortunately  got  off  during  the  night,  without  damage,  but  the  captain 
expressed  himself  as  highly  pleased  with  the  prompt  action  taken  by 
the  United  States  Signal,  and  Life-saving  Services. 

At  5  p.  m.,  on  January  19, 1882,  the  Signal  Service  operator  stationed 
at  Portsmouth,  North  Carolina,  discovered  a  vessel  at  sea,  three  miles 
from  his  station,  flying  signals  of  distress.  A  boat  was  able  to  reach 
the  vessel  early  the  next  morning,  and  brought  her  crew  ashore.  It 
proved  to  be  the  brigantine  "  Mary  E.  Dana,"  Captain  Benson,  of  Salem, 
Massachusetts,  and  was  water-logged,  having  sprung  a  leak  on  the 
night  of  January  16th.  The  facts  were  immediately  telegraphed  to 
this  office,  and  to  Wilmington,  North  Carolina,  and  Norfolk,  Virginia; 
the  revenue  cutter  "Colfax,"  from  Wilmington,  and  Baker's  wrecking 
steamer,  from  Norfolk,  arriving  within  thirty  hours  after  the  vessel  was 
first  discovered.  The  wrecking  steamer  towed  the  water-logged  ves- 
sel safely  to  Norfolk. 

Telephone  line. 

The  telephone  line  on  the  coast  of  Virginia  and  North  Carolina,  con- 
structed and  equipped  by  the  Signal  Service,  continues  in  operation, 
being  used  in  maintaining  communication  between  the  several  life- 
saving  stations  and  the  stations  of  the  Signal  Service  along  the  line. 
It  is  particularly  useful  in  securing  additional  aid,  when  required,  in 
case  of  wreck. 

UNITED  STATES  MILITARY  TELEaRAPH  LINES. 

The  telegraph  lines  under  the  supervision  of  the  Signal  Service,  on 
the  exposed  Mexican,  Indian,  and  northern  frontiers,  together  with 
those  connecting  military  posts  and  stations,  continue  their  usefulness, 
and  demonstrate  the  sound  policy  which  led  to  their  erection  and  oper- 
ation. 

That  these  telegraph  lines  are  important  factors  in  the  protection  of 
a  widely  extended  frontier  line  has  been  made  manifest  in  many  par- 
ticulars, more  especially  in  forming  a  line  of  connection  for  the  military 
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posts,  over  which  information  may  be  immediately  commanicated  in 
cases  of  Indian  outbreaks — thns  secariDg  prompt  and  energetic  action 
and  preventing  the  disastrous  results  attending  Indian  wars.  In- 
atances,  toe  numerous  for  separate  reference,  have  occurred  in  the 
territories,  where  early  information  has  led  to  action  which  has  not 
only  averted  the  immediate  danger,  but  has  shown  that  the  system  is 
the  only  trustworthy  one  to  enable  a  comparatively  small  defensive 
force  to  protect  an  extensive  line  subject  to  sudden  outbreaks  and  raids 
of  Indian  war  parties.  These  points  have  been  strongly  dwelt  upon  in 
previous  reports,  but  too  much  cannot  be  said  in  favor  of  the  facilities 
which  enable'  the  troops  to  concentrate  at  any  point  threatened,  and 
which  alone  renders  it  possible  to  suppress  movements  which  might 
otherwise  develop  into  a  general  Indian  war. 

Many  of  the  difficulties  encountered  heretofore  in  the  construction 
and  operation  of  these  lines  are  gradually  disappearing  or  growing  less, 
and,  as  the  value  of  the  lines  become  better  understood  and  appreciated, 
interference  becomes  less  frequent,  and  the  settlers  realize  that  lines 
constructed  for  the  benefit  of  the  community  must  be  protected  &om 
injury.  Gradually  it  has  been  found  practicable  to  establish  repair 
stations  along  the  lines,  and,  as  they  become  more  numerous,  fewer 
interruptions  occur  in  the  working  of  the  lines.  It  is  very  important 
that  this  high  state  of  efficiency  should  be  maintained  A  total 
length  of  4,006  miles  of  telegraph  line  along  the  frontier  is  now 
operated  and  maintained  under  the  charge  of  the  officers  of  the  Signal 
Service.    (See  chart  No.  23.) 

During  the  year,  888  miles  of  these  lines  have  been  abandoned  on 
account  of  the  rapid  progress  of  railroads  and  the  consequent  erection 
of  private  or  corporate  lines  of  telegraph.  The  material  of  these 
abandoned  lines  has  been  used  in  the  construction  of  716  miles  of  new 
line,  which  has  been  built  in  the  more  exposed  regions,  as  circumstances 
required. 

Detailed  instructions  for  the  proper  construction  and  equipment  of 
permanent  telegraph  lines  are  given  in  appendix  No.  40  of  my  annual 
report  of  1881.  Important  advances  have  been  made  in  telegraphic 
construction,  and  the  advantage  to  the  United  States  and  to  the 
service  of  permanent  lines  cannot  be  overestimated.  While  economy 
is  daily  considered,  permanence  of  use  and  the  values  of  the  results 
obtained  fully  return  to  the  people  of  the  United  States  and  to 
tbe  army  far  more  than  the  cost  of  construction  and  maintenance. 
The  troops  of  the  frontier  posts  have  furnished  the  greater  part  of  the 
manual  labor  for  the  construction  of  the  lines,  and  the  local  military 
authorities  have,  as  heretofore,  rendered  every  assistance  in  the  ardu- 
ous labor  of  preparing  and  transporting  the  rough  material  for  con- 
struction. Without  such  co-operation,  the  amounts  appropriated  by 
Congress  would  be  entirely  inadequate  to  build  and  equip  the  desired 
lines  of  communication. 
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Wherever  these  lines  of  telegraph  extend,  meteorological  stations  of 
observation  are  also  established,  and  by  combining  the  duties  of 
observer  and  telegraph  operator,  an  economical  system  is  possible 
which  saves  the  cost  of  reports,  and  this,  with  the  receipts  from 
commercial  business,  may  be  regarded  as  paying  for  the  construction 
and  maintenance  of  the  lines.  Their  use  for  commercial  purposes  is 
not  the  least  important  value  of  the  lines,  as  they  furnish,  in  many 
instances,  facilities  for,  and  promote  the  development  of,  regions  not 
otherwise  provided  with  accessories  of  railroad  or  telegraph  to  facili- 
tate the  advance  toward  the  interior  and  frontiers.  In  Texas  the 
existence  of  the  military  telegraph  lines  makes  it  practicable  to  issue 
warnings  of  destructive  storms  on  the  coast,  and  particularly  of  the 
^'northers,"  to  which  that  section  is  subject.  The  commerce  of  the 
lakes  is  largely  indebted  for  the  protection  afforded  by  storm  warnings, 
to  th^  reports  furnished  over  these  lines  from  the  northwest,  which 
supply  data  for  the  study  of  atmospheric  movements  not  otherwise 
attainable.  Thus,  both  dt  the  north  and  south,  these  lines  complete 
the  circuit  of  observation,  which  render  it  possible  to  study  the 
meteorological  conditions  of  a  wide  extent  of  country,  and  forewarn 
the  classes  interested  of  approaching  dangers. 

To  facilitate  reference  and  show  the  distribution  of  the  various 
lines,  they  will  be  treated  herein  according  .to  their  location  in  dif- 
ferent military  departments,  and  not  as  has  been  done  in  previous 
reports,  by  a  description  Qf  each  telegraph  division. 

Dq^artment  of  the  Columbia 

The  lines  in  this  department,  comprising  the  Washington  and  Idaho 
Division,  have  been  in  charge  of  Sergeant  Frank  Greene,  Signal  Corps, 
United  States  Army,  who  was  recently  promoted  to  be  a  second  lieu- 
tenant in  the  Signal  Corps,  and  who  has  now  full  charge  of  all  the 
lines  in  the  department,  four  hundred  and  seventy-three  miles  in 
length,  and  divided  into  circuits  as  follows:  Dayton  to  summit  of 
Bocky  mountains,  two  hundred  and  sixteen  miles;  Pomeroy  to  Fort 
Lapwai,  forty -five  miles;  Spokane  FaUs  to  Fort  Spokane,  sixty-two 
miles ;  and  Ashland  to  Elamath,  one  hundred  miles.  There  are  thirteen 
stations  on  these  lines,  seven  of  which  are  in  charge  of  enlisted  men  of 
the  Signal  Corps ;  the  remaining  six  are  in  charge  of  enlisted  men  of  the 
army,  detailed  for  that  purpose.  Five  additional  men,  detailed  from 
the  line  of  the  army,  serve  as  line  repairers.  The  number  of  mes- 
sages sent  and  received  over  the  telegraph  lines  in  this  department 
during  the  year  was  27,072,  and  the  total  money  value  of  the  receipts 
for  messages  would  have  been  96,939.54,  but  9730.70  of  this  amount 
must  be  deducted,  being  the  value  of  firee  messages  sent  over  the 
wires. 

The  difficulties  experienced  in  working  the  line  on  the  MuUan  road 
have  been  nearly  overcome.  This  route  was  in  successful  working 
order  three  hundred    days  from  July  1,  1881,  to   June  30,  1882. 
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In  comparison  with  the  showing  of  the  previous  year,  when  this  line 
was  in  working  order  only  one  hnndred  and  nineteen  days,  this  is  a 
a  gain  in  efficiency  of  over  100  per  cent.  This  was  due  to  the  plan 
of  separating  the  repair  force  into  a  number  of  small  squads  evenly 
distributed  along  the  Mullan  road,  and  also  to  the  fact  that  the  expe- 
rience gained  every  year  shows  how  more  economical  results  can  be 
obtained  with  no  increase  of  force. 

Three  lines  have  been  constructed  in  this  department  during  the 
year;  namely:  the  line  from  Ashland  to  Klamath,  one  hundred  miles 
in  length,  under  the  supervision  of  Captain  G.  H.  Burton,  Twenl^-first 
Infantry;  the  line  from  Spokane  Falls  to  Fort  Spokane,  sixty-two 
miles  in  length,  under  the  supervision  of  Captain  James  Miller,  Second 
Infantry,  and  1st  Lieutenant  L.  J.  Ames,  Second  Infantry . 

The  following  are  the  proposed  extensions  of  the  lines  in  this  de- 
partment during  the  current  fiscal  year : 

From  Fort  Klamath  to  Bidwell,  and  from  Oak  Point  to  Fort\3anby. 
The  material  for  the  Klamath-Bidwell  line  has  been  furnished,  but  it 
is  not  finally  decided  whether  the  line  from  Oak  Point  to  Fort  Canby 
will  be  constructed.  Prom  Astoria  to  Fort  Canbv,  via  Fort  Stevens, 
with  cable  across  the  mouth  of  the  Columbia  river.  From  Port  Ange- 
les to  Tatoosh  Island,  o£P  Cape  Flattery,  with  a  cable  from  the  main 
land  to  the  island.  > 

Department  of  Dakota. 

Ist  Lieutenant  George  S.  Grimes,  Acting  Signal  Officer,  continues  in 
charge. 

In  the  last  annual  report  the  total  length  of  the  lines  in  this  depart- 
ment was  1,747  miles,  on  which  forty -two  stations  were  in  operation. 
During  the  past  year  the  following  extensions  have  been  built  : 

From  Fort  Buford,  Dakota,  to  Poplar  Eiver,  Montana,  60  miles; 
from  Fort  Maginnis  to  Eocky  Point,  Montana,  60  miles ;  from  Fort 
Sisseton  to  Webster,  Dakota,  23  miles,  (this  line  was  placed  by  the 
general  commanding  the  department  under  the  supervision  of  the  Sig- 
nal Service  on  the  31st  of  March,  1882) ;  from  Fort  Meade  to  Dead- 
wood,  15  miles,  (this  line  was  rebuilt  during  the  year).  The  line  from 
Fort  Keogh  to  Deadwood,  172  .miles  in  length,  has  been  discon- 
tinued, and  the  material  has  been  used  in  repairs  and  construction. 
The  lines  in  this  department,  1,718  miles  in  length,  are  'divided  into  the 
following  circuits :  Bismarck  to  Deadwood,  334  miles ;  Bismarck  to  Fort 
Assinniboine,  981  miles;  Helena  to  summit  of  Bocky  mountains,  243 
miles ;  Fort  Buford  to  Poplar  Eiver,  60  miles ;  Fort  Magiunis  to  Eocky 
Point,  60  miles ;  Fort  Sisseton  to  Webster,  40  miles.  Forty-one  stations 
are  established,  maintained,  and  operated  in  this  department  by  twenty- 
nine  enlisted  men  of  the  Signal  Corps,  twenty  enlisted  men  detailed 
from  the  line  of  the  army,  and  six  civilian  employes.  During  the  year 
the  number  of  messages  sent  and  received  over  the  lines  in  the 
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Department  of  Dakota  amounted  to  151,293,  the  dharges  on  which 
were  $41,048.73.  From  this  sum,  however,  mnst  be  deducted  911,- 
110.30,  the  money  value  of  the  free  messages  transmitted. 

At  the  date  of  the  last  annual  report  it  was  proposed  to  construct  a 
line  from  Fort  Buford  to  ^rt  Maginnis,  but  insuperable  difficulties 
arose  and  it  was  found  impracticable  to  complete  the  line.  It  is  in- 
tended, however,  to  resume  work  on  it  as  soon  as  possible. 

The  line  from  Fort  Totten  to  Larimore  is  bein^pushed  forward  as 
rapidly  as  possible,  and  it  is  expected  that  work  will  soon  begin 
on  the  line  from  Fort  Maginnis  to  Helena. 

The  building  of  the  Korthern  Pacific  railroad  has  frequently  inter- 
rupted communication  on  some  of  the  lines  in  this  department,  but 
owing  to  the  prompt  action  of  commanding  officers,  these  interruptions 
have  always  been  speedily  remedied.  * 

An  attempt  was  made  during  the  fall  to  recover  the  cables  which 
had  been  laid  across  the  Missouri  river  at  Forts  Buford,  Yates,  and 
Sully,  and  which  became  unserviceable,  but  it  was  only  partially  suc- 
cessful, as  they  were  so  firmly  imbedded  in  the  sand.  At  the 
time  these  cables  became  unserviceable,  the  overhead  wire  sys- 
tem, consisting  of  long  single  spans,  was  adopted,  and  has  given 
entire  satisfaction  during  the  year.  These  single  spans  are  from  one 
thousand  two  hundred  to  one  thousand  five  hundred  feet  in  length, 
and  the  lowest  point  of  the  sag  is  from  eighty  to  ninety  feet  above  the 
surface  of  the  river,  which  is  high  'enough  to  admit  the  passage  of 
steamboats  in  all  stages  of  water. 

The  main  difficulties  to  be  overcome  in  keeping  the  lines  in  this 
department  in  efficient  working  order,  are,  as  has  before  been  said, 
snow,  cold  weather,  and  falling  trees,  and  in  spring  and  summer, 
fireshets,  thus  rendering  th^work  of  repairs  both  constant  and  ardu- 
ous. 

Department  of  fke  Missouri, 

Lieutenant  W.  A.  Glassford,  Signal  Corps,  U.  S.  Army,  has  charge  of 
the  lines  in  this  department,  and  is  stationed  at  the  headquarters  of 
the  department,  Leavenworth,  Kansas. 

The  lines  are  short  and  detached,  and  their  total  length  only  six 
hundred  and  eighteen  miles.  They  are  divided  into  the  following  cir- 
coits: 

Fort  Elliott  to  Bed  river,  south  of  Fort  Sill,  two  hundred  and  ninety 
miles ;  Fort  Supply  to  Dodge  City,  ninety  miles ;  San  Marcial  to  Fort 
Stanton,  one  huncbred  and  twenty  miles;  Ounnison  to  Uncompahgre, 
ninety  miles }  Durango  to  Fort  Lewis,  fifteen  miles ;  Fort  Union  to 
Watrous,  nine  miles;  Fort  Wingate  to  Wingate  Station,  four  miles. 

Seventeen  stations  are  established  on  these  lines,  maintained  and 
operated  by  four  enlisted  men  of  the  Signal  Corps,  four  enlisted  men 
detailed  fh)m  the  line  of  tho  army,  and  ten  civilian  employes. 

The  line  from  Santa  Fe  to  San  Marcial  was  abandoned,  and  the 
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material  taken  itp  and  osed  in  the  oonstraotion  and  completion  of  the 
following  lines : 

Dodge  City  to  Fort  Supply ;  Fort  Stanton  to  Fort  Graig ;  Fort  Win- 
gate  to  Wingate  Station ;  Fort  Union  to  Watrons ;  Fort  Lewis  to 
Dnrango;  Uncompahgre  to  Gunnison. 

The  following  lines  are  being  constrncted :  From  Bollins  to  Gamp  on 
White  river ;  from  Pike's  Peak  to  Colorado  Springs. 

Upon  the  recommendation  of  Lieutenant  Olassford,  the  line  between 
Las  Cruces  and  La  MesiUa,  no  longer  useful  to  this  service,  and  only 
three  miles  in  length,  has  been  turned  over  to  the  citizens  who  con- 
tributed towards  its  construction. 

The  commanding  officer  at  Fort  Gummings  built  a  line  from  that 
point  to  Porter's  Station,  and  this  rendered  unnecessary  the  telegraph 
office  maintained  at  Lordsburg,  which  was  closed,  and  the  line  from 
that  point  to  Silver  Gity  abandoned.  The  line  from  Dodge  Gity  to 
Fort  Dodge,  has  also  been  abandoned,  it  being  no  longer  necessary, 
as  Fort  Dodge  was  discontinued  as  a  military  post  during  the  past 
year. 

Department  of  Arizona. 

1st  Lieutenant  F.  E.  Ward,  Acting  Signal  Officer,  continues  in 
charge  of  the  lines  in  this  department.  He  was  temporarily  relieved, 
by  Ist  Lieutenant  F.  Von  Schrader,  12th  Infantry,  on  July  27, 1881, 
and  re-assumed  charge  of  the  lines,  September  4, 1881. 

The  length  of  the  telegraph  line  in  this  department  is  five  hundred 
and  thirty-two  miles,  and  it  is  divided  into  the  following  circuits  : 

Silver  Gity  to  Porter's  station,  seventy-six  miles ;  .Gamp  Thomas,  to 
San  Garlos  agency,  thirty-five  miles ;  Fort  Apache  to  Fort  Bowie,  one 
hundred  and  eighty-four  miles ;  Fort  Verde  to  Maricopa,  two  hundred 
miles;  Phoenix  to  Fort  McDowell,  twenty-seven  miles;  Tucson  to  Fort 
Lowell,  ten  miles. 

Twenty-two  stations  are  established  on  these  lines,  and  they  are 
maintained  and  operated  by  fourteen  enlisted  men  of  the  Signal  Oorps, 
thirteen  enlisted  men  detailed  from  the  line  of  the  army,  and  eleven 
civilian  employes. 

The  number  of  messages  sent  and  received  over  these  lines  during 
the  year  was  123,238,  and  the  charges  for  these  messages  amounted 
to  938,936.85,  from  which,  however,  must  be  deducted  $10,016.51, 
the  money  value  of  the  free  messages  transmitted. 

The  following  lines  were  abandoned  during  the  year>  Fort  Lowell 
to  Point  of  Mountain;  Point  of  Mountain  to  Fort  Grant;  Tucson  to 
Florence;  Fort  Bowie  to  crossing  of  Southern  Pacific  Bailroad,  near 
Lordsburg ;  Fort  Gummings  to  La  Mesilla. 

This  last  abandonment  left  La  Mesilla  in  telegraphic  communica- 
tion with  the  officer  in  charge  of  the  telegraph  lines  in  the  depart- 
ment of  Texas  over  a  continuous  military  line,  while  the  communica- 
tion with  this  office  was  over  a  connecting  link  furnished  by  a  com- 
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mercial  line,  and  on  this  acconnt  La  Mesilla  and  the  line  to  El  Paso 
was  transferred  to  the  Department  of  Texas,  October  31, 1881. 

The  line  from^aricopa  to  Florence  was  abandoned  in  April,  1882, 
and  the  station  at  Florence  discontinned.  The  line  from  San  Diego  to 
Gampo,  was  abandoned  in  June,  1882.  All  the  serviceable  material  of 
these  abandoned  lines  was  collected  and  the  worthless  portion  left 
undisturbed.  The  only  line  constructed  daring  the  year  was  a  branch 
from  PhoBnix  to  McDoweU,  which  was  begun  February  15  and  -com- 
pleted March  13,  1882.  The  commanding  ofBcer  at  Fort  Cummings 
utilized  the  material  from  the  abandoned  line  east  of  that  x)ost  by 
building  a  line  extending  the  Lordsburg-Gummings  section  to  Porter, 
now  called  Florida  station,  which  gave  an  east>em  outlet  for  the  line. 
An  officer  was  placed,  at  the  request  of  General  Willcox,  commanding 
the  department,  on  February  15,  1882,  at  the  sub-agency  between 
San  Garlos  and  Gamp  Thomas,  and  also,  one  at  Ash  Greek,  Gamp 
Hentig,  between  Gamp  Thomas  and  Fort  Apache.  Nearly  all  the 
lines  in  this  department  are  in  good  condition  and  have  been  much 
used  at  all  times.  During  Indian  hostilities  they  have  frequently  been 
unable  to  transmit  commercial  messages,  as  the  military  required 
the  entire  use  of  the  lines  for  several  days  at  a  time.  The  following 
lines  will  be  constructed  in  this  department  at  as  early  date  as  practi- 
cable: Fort  Bowie  to  vicinity  of  Gamp  John  A.  Ruckerj  Fort  Benson 

to  Gamp  Huachnca. 

Department  of  California. 

At  present  there  is  only  one  short  line  in  this  department— from 
Gape  Mendocino  to  the  nearest  telegraph  office — but  it  is  proposed  to 
buMd  lines  and  lay  cables  to  <x)nnect  the  military  posts  in  the  harbor 
of  San  Francisco,  as  follows:  Angel  Island,  Alcatraz,  Black  l^oint, 
Presidio,  and  Fort  Point. 

Department  of  Texas, 

Lieutenant  Q.  A.  Tingle,  Acting  Signal  Officer,  who  had  charge  of 
the  lines  in  this  department  at  date  of  the  last  annual  report  was  re- 
lieved by  2d  Lieutenant  Leroy  E.  Sebree,  Signal  Gorps,  United  States 
Army,  on  July  12, 1881,  and  Lieutenant  Sebree  has  since  that  date 
continued  in  charge.  The  headquarters  of  the  officer  in  charge  of  this 
line  was  removM  from  Denison  to  San  Antonio,  Texas.  The  length  of 
the  lines  in  this  department  is  1,565  miles,  and  they  are  divided  into 
the  following  circuits:  Denison  to  Brownsville,  1,038  miles;  Jacks- 
borough  to  Bed  river,  70  miles  ]  Goncho  to  £1  Paso,  457  miles. 

There  are  twenty-four  stations  on  the  lines,  maintained  and  operated 
by  nineteen  enlisted  men  of  the  Signal  Gorps,  six  enlisted  men  detailed 
from  the  line  of  the  army,  twenty-six  civilian  employes. 

The  number  of  messages  transmitted  over  these  lines  during  the 
year  was  196,999,  the  charges  on  which  amounted  to  $41,042.98,  from 
which  must  be  deducted  99,949.83,  the  money  value  of  the  free  mes- 
sages sent  and  received. 
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The  lino  between  El  Paso  and  La  Mesilla  was  abandoned  during  the 
year.  f 

Extensive  repairs  were  made  on  the  lines  in  this  department  in  the 
past  year,  and  they  are  now  in  very  efficient  condition. 

It  is  proposed  to  abandon,  during  the  ensuing  year,  the  line  from 
Denison  to  El  Paso,  and  also  the  line  from  Denison  to  Jacksborough. 

Lieutenant  Sebree  has  recommended  the  constmction  of  a  line  from 
Fort  Elliott  to  Kutah  Hatoay,  and  also  the  connection  by  line  of  Del  Bio 
and  Fort  Clark.  He  also  recommended  that  a  line  be  built  from  Camp 
Bice  to  Guadalupe  Pass,  but  no  decided  action  has  been  taken  as  rail- 
way progress  in  that  section  may  render  unnecessary  the  construction 
of  these  branches. 

Much  of  the  success  and  efficiency  attained  in  the  construction  of 
these  lines  is  due  to  the  valuable  assistance  rendered  by  commanding 
officers  of  the  military  posts  in  the  several  departments. 

The  following  is  an  extract  from  the  annual  report  of  1st  Lieutenant 
F.  K.  Ward,  Acting  Signal  Officer,  in  charge  of  the  lines  in  the 
Department  of  Arizona : 

•  •  •  •  •  •  • 

In  conclusion  I  would  say  that  acknowled^ent  is  due  again  this  year  for  the 
great  amount  of  assistance  given  by  the  mihtary  authorities  for  the  maintenance, 
repair,  and  operation  of  the  lines.  Every  request  for  assistance  which  I  have  made, 
has-been  promptly  and  favorably  acted  upon,  except  when  the  continuance  of  active 
field  operations,  or  the  lack  of  money  rendered  it  impossible,  and  even  then  assistance 
has  been  ^iven,  when  it  was  difficult  to  do  so.  Without  this  assistance,  the  total  cost 
to  the  United  States  of  maintaining  the  lines  would  have  been  very  much  greater  than 
it  has  been,  and  in  some  cases  it  would  have  been  impossible  to  keep  them  in  opera- 
tion at  any  cost. 

The  above  quotation  is  an  example  .of  the  manner  in  which  ^the 
officers  in  charge  of  the  various  lines  have  written  relative  to  the  assist- 
ance received  by  them. 

The  following  is  a  summary  of  the  lines  abandoned  and  the  new 
lines  constructed  during  the  fiscal  year: 

Lines  abandoned. 

Fort  Keogh  to  Deadwood,  172  mile^;  Santa  Fe  to  Porter's  Station^ 

300  miles ;  Las  Cruces  to  La  Mesilla,  3  miles ;  Dodge  City  to  Fort  Dodge, 

5  miles;  El  Paso  to  La  Mesilla,  55  miles;  Fort  Lowell  to  Fort  Grant, 

121  miles ;  Fort  Bowie  to  Southern  Pacific  Railroad,  40  miles;  Fort 

Cummings  to  La  Mesilla,  78  miles;  Maricopa  to  Florence,  60  miles; 

Ban  Diego  to  Campo,  54  miles;  total  length  of  lines  abandoned,  888 

miles. 

Lines  erected. 

Ashland  to  Fort  Klamath,  100  miles ;  Spokane  Falls  to  Fort  Spokane* 
62  miles ;  Vancouver  to  Oak  Point,  50  miles ;  Fort  Buford  to  Poplar 
Biver,  60  miles ;  Fort  Maginnis  to  Bocky  Point,  60  miles ;  Fort  Meade 
to  Deadwood,  14  miles;  Dodge  City  to  Fort  Supply,  90  miles;  Fort 
Stanton  to  Fort  Craig,  128  miles;  Fort  Wingate  to  Wingate  Station^ 
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4  miles;  Fort  Union  to  Watroas,  9  miles  ;  Fort  Lewis  to  Durango,  15 
miles;  Uncompahgre  to  Gunnison ,  90  miles;  Fort  Cummings  to  Porter's 
Station,  6  miles ;  Phoenix  to  Fort  McDowell,  27  miles.  Total  length  of 
lines  constrncted  during  the  fiscal  year,  716  miles. 

INDICATIONS  DIVISION. 

Indicationa  and  synopses. 

The  tri-daily  telegraphic  reports  received  at  the  office  of  the  Chief 
Signal  Officer  have  been  carefully  studied,  and  irom  them  synopses 
and  indications  of  the  weather  issued  regularly  at  the  hours  of  1  a.  m., 
10  a.  m.,  and  6  p.  m.,  each  day  during  the  year.  At  each  report  a  brief 
synopsis  is  prepared  showing  the  general  atmospheric  conditions 
which  have  prevailed  throughout  the  United  States  during  the  preced- 
ing twenty-four  hours,  and  after  a  careful  examination  of  the  data  and 
charts,  the  weather  indications  for  each  district  for  the  next  succeeding 
twenty-four  hours  are  prepared.  The  indications  are  necessarily  brief 
statements  showing  the  state  of  weather,  prevailing  wiuds,  temperature, 
and  barometric  changes  which  will  probably  prevail  during  the  com- 
ing twenty-four  hours.  Observers  at  stations  located  upon  the  princi- 
pal rivers  report  daily,  by  telegraph,  the  stages  of  water  at  their  respec- 
tive stations,  and  the  changes  which  have  occurred  and  are  likely  to 
occur  in  these  rivers  form  a  part  of  each  issue  of  the  synopsis  and  indi- 
cations. 

The  assistant  in  charge  of  the  preparation  of  the  synopses  and  indi- 
cations also  examines  carefully  each  report,  and,  when  necessary^ 
orders  the  display  of  cautionary  signals  at  stations  on  the  northern 
lakes  or  on  the  sea-coast  where  dangerous  winds  may  be  anticipated. 

The  weather  forecasts  as  issued  apply  to  the  whole  district  named^ 
and  therefore  express  the  prevaih'ng  conditions.  Owing  to  the  limited 
number  of  stations  said  the  increased  expense  of  telegraphing,  this 
office  does  not  attempt  special  forecasts  of  the  weather  for  particular 
localities. 

The  weather  forecasts  of  this  office  have  been  issued  regularly  three 
times  daily  since  the  organization  of  the  service  in  1870,  without  a 
single  omission,  and,  as  an  evidence  of  their  practical  value,  they  now 
form  an  important  item  of  news  for  the  associated  press  of  the 
oountry,  and  the  deductions  are  eagerly  sought  for  and  published  by 
the  daily  journals.  There  is  scarcely  a  branch  of  industry  that  may 
not  be  affected  by  the  weather  conditions,  and  this  office  is  called 
npon  Inmost  daily  to  furnish  special  predictions  in  the  interests  of 
special  trades,  commerce,  and  agriculture. 

This  important  division  of  the  office  requires  special  study  and 
experience  to  insure  the  best  results,  and  the  assistants  who  are 
required  to  make  these  deductions  should  devote  their  whole  time  to 
meteorological  studies.  The  limited  force  now  on  duty,  however,  will 
not  vadmit  of  such  assignment,  and,  as  the  duty  is  of  such  a  nature 
as  to  require,  at  least,  monthly  changes  in  the  detail,  I  have  been  com- 
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peUed  to  assign  officers  charged  with  the  preparation  of  this  woric  to 
«xecatiTe  dnties  of  a  totally  different  natnre,  thos  losing  the  benefits 
which  wonid  result  from  eoutinaons  stndy. 

These  forecasts  are  deduced  from  the  stndy  of  charts  in  connection 
with  SQcb  results  and  generalizations  as  experience  and  the  study  of 
meteorology  have  determined.  The  stndy  for  each  issue  regaires  the 
draughting  and  examination  of  seven  charts,  these  charts  graphically 
«xhibitiiig  the  data  furnished  by  the  simoltaneous  reports  of  the  sta- 
tions heretofore  referred  to,  and  located  in  the  United  States,  and  in  the 
Dominion  of  Canada,  Nova  Scotia,  Newfoundland,  New  Brunswick,  and 
the  West  India  Islands. 

The  charts  prepared  for  each  report  are  ad  follows : 

Chart  No.  I Weather. 

Chart  No.  II. — Barometric  changes. 

Chart  No.  m. — Barometric  departorea  and  abnormal  variations. 

Chart  No.  IV. — Temperature  changes. 

Chart  No.  Y. — ^Temperature  departures  and  abnormal  variations. 

Chart  No.  VT.— Clouds. 

Chart  No.  VTI.— Dew-points. 

A  minnte  description  of  the  manner  in  which  these  charts  are  pre- 
pared, and  a  sample  of  each  chart  appeared  in  my  annual  report  of 
last  year. 

For  the  purpose  of  ascertaining  the  character  of  the  work,perfonned 
in  this  division,  a  careful  analysis  of  each  weather  forecast  is  made  by 
an  assistant  other  than  the  one  preparing  thereport,  and  a  compariaon 
is  made  between  the  meteoric  conditions  occntring  during  the  twenty- 
four  hours  following  the  report,  and  those  which  were  anticipated,  and 
the  percentage  of  verifications  of  each  element  for  each  district,  deter- 
mined in  accordance  with  definite  rules. 

The  following  tables  exhibit  the  resnlts  of  these  comparisons  dnr- 
ing  the  past  year : 

Peremiage  of  verifieationi  for  each  month  of  the  year  ending  June  30, 1882. 


Is  pteann,  tMapantim,  vlnd-dlncUim, 
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Percentage  of  verifieatUme  for  ike  Paeifie  coast  rcgiotu  for  the  months  ginen. 


Horth  Pidfle  eoMt  region^.. 
Xiddto  Paeiile  coMt  nsion  •.•^, 
South  Pidfle  coMt  ngion ... 


•«••• ••«••• 
>••••«•««•«• 

!••«•  ••••••••« 


Total  percentage  of  verlfloationa.... 


1881. 


98.8 
100.0 
100.0 


09.4 


I 

0 
< 


87.9 
100.0 
100.0 


88.3 


I 
I 

f 


90.9 
100.0 
100.0 


I 

o 


91.7 

94.7 

100. 


97.0     96.6 


^ 


66.0 
86.6 
.6 


0  93 


82.0 


I 


92.6 
89.2 
86.9 


89.6 


1882. 


m 

a 


83.3 
82.1 
86.3 


83.6 


^ 

h 


98.2 
97.1 
93.7 


n 


81.9 
93.1 
93.1 


=2 


94.1 
78.0 
98.6 


96.389.490.2 


77.1 

90. 

87 


I 


94.4 

.9 
.8 


998 


697 


87.297.0 


The  tikdlcatioiiM  for  the  PM^iflc  ooeet  are  for  the  **  Weether  "  only,  and  for  the  period  made  the  gen- 
erai  percentage  u*........ .................. ..«»..^.......«»........».. ..................................................... •.«......    vx.a 

To  facilitate  the  work  of  this  service,  and  for  convenience  in  the 
preparation  of  weather  forecasts,  the  country  has  been  divided  into  dis- 
tricts, the  titles  and  boundaries  of  which  are  exhibited  on  chart  "So.  24. 

The  percentage  of  accuracy  first  given  in  the  above  tables  are  for 
statements  comprising  the  predictions  of  the  changes  of  barometric 
pressures,  temperature,  wind-directions,  as  weU  as  the  character  of 
weather  anticipated  in  the  districts  to  which  they  have  reference. 
Such  predictions  are  more  difficult  to  make  correctly  than  those  relat- 
ing to  the  future  conditions  of  the  weather  alone,  for  in  such  forecasts 
it  most  be  pre-announced  for  twenty-four  hours  for  each  district  outlined 
upon  the  map  whether  in  that  particular  district  the  barometric  press- 
ures will  increase  or  diminish;  whether  the  temperature  will  rise  or 
fall ;  what  will  be  the  wind-direction  in  each  district,  and  other  state- 
ments far  more  difficult  to  make  accurately  than  the  general  forecasts 
that  the  skies  will  be  clear  or  cloudy,  and  with  or  without  rain.  The 
percentage  of  verifications  for  the  year,  considering  the  four  meteoro- 
logical elements,  was  86.6  per  cent.,  an  increase  of  1.4  per  cent,  over 
that  of  the  previous  year.  The  percentage  of  accuracy  of  forecasts  lim- 
ited to  the  pre-announcement  of  the  character  of  the  weather  antici- 
pated in  the  districts,  exclusive  of  the  other  conditions  above  referred 
to,  was  88.2. 

Special  weather  forecasts  are  made  for  the  districts  on  the  Pacific 
coast,  when  practicable,  from  the  midnight  report  of  each  day.  Owing 
to  the  great  distance,  imperfect  telegraphic  facilities,  and  limited  time 
allowed  for  the  preparation  of  weather  forecasts  at  that  hour,  they  are 
not  made  with  the  same  regularity  as  are  those  for  other  districts.  The 
general  percentage  of  these  forecasts  for  the  year  was  91.4  per  cent, 
showing  a  gain  of  1.2  per  cent,  in  accuracy  over  that  of  the  previous 
year. 

It  is  not  possible  to  describe  within  the  limits  of  the  press  report^ 
which  is  necessarily  brief,  the  weather  changes  which  are  anticipated 
for  the  entire  districts,  and  more  satisfactory  results  would  follow  if 
special  forecasts  could  be  prepared  for  each  state. 

The  district  map  has  been  widely  circulated  in  order  that  the  public 
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may  be  better  able  to  correctly  understand  the  full  signification  of  the 
the  weather  forecaiists  by  this  office. 

The  attempt  has  been  continued  to  utilize  the  statements  of  indica- 
tions issued  in  bulletin  form,  by  adding,  when  possible,  precise 
information  as  to  the  location  of  storm-centers  and  their  expected  move- 
ments. 

During  the  months  of  November,  December,  and  January,  special 
^^Indications"  are  prepared  for  the  benefit  of  those  interested  in 
canal  navigation,  in  which  are  announced  approaching  chs^nges  of 
temperature  which  might  probably  cause  the  closing  of  the  canal  by 
freezing.  These  reports  have  been  continued  during  the  past  ten 
years,  and  have  been  highly  commended  by  the  canal  companies  and 
the  commercial  associations  interested. 

SPECIAL  BULLETIN. 

The  publication  of  the  special  bulletin  for  the  press  which  is  a  new 
feature  of  the  weather  forecasts  issued  by  the  office,  was  inaugurated 
last  year  and  has  been  continued.  These  bulletins  contain  a  more 
general  account  of  the  meteov  ^logical  conditions  than  it  is  possible  to 
give  in  the  synopsis  referred  to,  and,  when  practicable,  contain  the 
indications  of  weather  likely  to  prevail  over  various  sections  during 
the  succeeding  forty  or  forty-eight  hours.  They  treat  especially  of 
severe  storms,  extreme  temperatures,  approaching  frosts,  heavy  rains, 
and  temperatures  a^t  selected  stations  throughout  the  country  which  are 
frequented  as  health  resorts.  These  bulletins  are  of  special  value 
during  the  fall  and  winter  seasons,  as  the  cold  waves  which  first  appear 
in  the  northwest,  moving  slowly  toward  the  Atlantic  coast,  render  it 
possible  for  this  office  to  give  timely  warning  of  their  approach  toward 
the  more  densely  populated  sections  of  the  country.  I  have  given  this 
subject  my  especial  attention,  and  with  the  view  of  increasing  the  use- 
fulness of  the  service,  each  officer  who  is  charged  with  the  preparation 
of  weather  forecasts  is  required  to  prepare,  each  day,  statements 
showing  the  probable  condition  of  weather,  which,  in  his  opinion,  will 
prevail  in  all  districts  east  of  the  Mississippi  river  during  the  forty, 
hours  immediately  following  the  preparation  of  the  statement.  These 
deductions  are  compared  and  the  percentage  of  accuracy  determined 
in  each  case.  From  such  studies  it  is  hoped  that  the  office  may  soon 
be  table  to  extend  the  time  for  which  the  regular  indications  are  now 
issued. 

An  increase  in  the  number  of  stations  in  the  regions  west  of  the 
Mississippi  river  and  in  British  America  north  of  Minnesota  and 
Dakota  would  enable  this  service  to  greatly  increase  the  value  of  this 
bulletin.  The  stations  which  it  has  been  possible  to  establish  by  the 
erection  of  the  United  States  Military  Telegraph  lines  on* the  frontier 
are  of  special  service  in  the  meteorological  department  of  this  office, 
and  the  government  could  well  afiford  to  construct  these  lines  for  no 
other  purpose  than  the  transmission  of  meteorologicxvl  reports. 
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STORM  SIGNALS. 

The  display  of  storm  signals  has  been  continued  daring  the  year 
at  ports  on  the  northern  lakes  and  on  the  Atlantic  and  gulf  coasts 
with  gratifying  results.  The  system  of  display  stations  referred  to  in 
my  last  annual  report  affords  an  economical  means  of  extending  the 
benefits  to  be  derived  from  the  pre-announcement  of  dangerous  storms 
to  almost  every  port  on  the  lake  and  Atlantic  coasts.  Signals  are  now 
displayed  at  one  hundred  and  twenty  stations.  The  following  addi- 
tional display  stations  have  been  established  during  the  year: 

Pnt-in-Bay,  Ohio,  July  5, 1881;  Fort  Morgan,  Alabama,  October  1, 
1881;  T7.  S.  8.  "  Wyoming,"  (moored  at  junction  of  Battery  creek  and 
Beaufort  river,)  South  Carolina,  September  19,  1881;  Bass  Biver 
Light,  Massachusetts,  November  14, 1881;  Sand  Key  Light,  Florida, 
November  19, 1881;  Crisfield,  Maryland,  November  23,  1881;  Stony 
Island,  (near  mouth  of  Detroit  river,)  Michigan,  February  7,  1882; 
Georgetown,  South  Carolina,  February  16, 1882;  Bath,  Maine,  Feb- 
ruary 18, 1882. 

For  the  better  protection  of  the  New  England  coast  a  full  station 
has  been  established  at  Provincetown,  M^assachusetts,  and  the"  full  sta- 
tion at  Wood's  Holl,  Massachusetts,  has  been  discontinued.  An  addi- 
tional display  section,  No.  9,  has  been  organized,  and  is  under  the  con- 
trol of  the  observer  in  charge  of  the  signal  station  at  Boston.  It  con- 
tains the  following  stations:  Highland  Light,  Chatham,  Hyannis, 
Wood's  Holl,  and  Bass  Biver  Light,  Massachusetts. 

When  cautionary  signals  are  ordered  oa  the  northern  lakes  notice 
that  such  signals  have  been  ordered  is  communicated  to  all  signal  sta- 
tions on  the  3/di2ncent  lakes,  thus. affording  additional  warning  and 
enabling  thoee  interested  in  lake  navigation  to  take  necessary  precau- 
tions to  save  vessels  from  exposure.  Three  classes  of  storm  signals 
are  displayed  by  the  direction  of  this  office,  as  follows :  First,  the  cau- 
tionary signal ,  a  red  flag  with  black  square  in  the  center  for  the  day 
signal,  and  a  red  light  for  the  night  signal;  second,  the  cautionary  off- 
shore signal,  I.  e.j  a  white  flag  with  a  black  square  in  the  center, 
hoisted  above  a  red  flag  with  a  black  square  in  the  center,  for  the  day 
signal,  and  a  white  light  shown  above  a  red  light  for  the  night  signal ; 
third,  the  cautionary  Northwest  signal,  which  is  displayed  at  the  lake 
ports  only.  The  latter  is  the  same  in  appearance  as  the  cautionary 
off-shore  signal,  and  signifles  that  dangerous  winds  are  anticipated 
from  points  between  north  and  west. 

Experience  has  shown  that  wind  velocities  of  twenty-five  miles  per 
hour  and  upwards,  when  occurring  at  the  stations  of  the  Signal  Ser- 
vice, indicate  that  dangerous  winds  of  much  higher  velocity  prevail  off 
the  coast  and  near  the  station.  Signals  are  therefore  displayed  when 
the  assistant  preparing  the  ^'  indications  "  anticipates  that  the  wind 
at  any  station  will  reach  a  velocity  of  twenty-five  miles  per  hour. 
It  should  be  clearly  understood  that  the  "cautionary  -'  signal  gives 
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warning  of  an  approaching  storm  and  is  cautionary  with  refeience  to 
winds  blowing  from  any  direction,  and  that  the  ^<  cautionary  off- 
shore "  signal  indicates  that  the  dangerous  winds  will  probably  come 
from  points  between  north  and  west,  or  off-shore  at  or  near  the  port 
where  the  signal  may  be  displayed. 

The  display  of  cautionary  signals  has  proved  of  great  value  to  the 
shipping  interests  of  the  country,  and  disasters  to  shipping  on  the  lakes 
have  materially  decreased  since  the  establishment  of  this  service. 

The  reports  from  particular  stations  give  instances  in  which  numer- 
ous vessels  have  avoided  dangerous  storms  by  remaining  in  port  in  rec- 
ognition of  the  warnings  issued  from  this  office. 

These  storm  warnings  are  particularly  valuable  to  coasters  and  fish- 
ermen on  the  searcoast,  and  to  shipping  generally  on  the  lakes. 

During  the  year  ending  June  30, 1882,  in  anticipation  of  dangerous 
storms,  2,051  signals  have  been  ordered,  counting  each  separate  dis- 
play at  each  port  as  a  separate  signal.  Of  the  number  of  cautionary 
signals  displayed,  85.7  per  cent,  have  been  afterward  reported  as 
justified.  Of  the  number  of  off-shore  signals  displayed,  86.8  per 
cent,  have  been  afterward  reported  as  justified.  Of  the  number  of 
cautionary  northwest  signals  displayed,  100  per  cent,  have  been  after- 
\^ard  reported  as  justified. 

The  following  table  exhibits  the  number  of  signals  (cautionary,  off- 
shore, and  northwest)  ordered  during  each  month,  with  the  number  and 
percentage  justified;  also  the  total  number  of  signals  ordered  during 
the  year,  with  the  total  number  and  annual  percentage  justified : 


Month  and  Tear. 


1881. 

Jnlj 

Angnst... 

September 

October......... 

November...... 

December 

1882. 

January 

February....... 
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April... 

May 

June.. 

Total.... 


Cautionary 
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S 
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S 

u 
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Off-ahore  Signals. 

1 
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a 

a 
S 

u 

& 
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1 

• 
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Total  number  of 
Signals. 

Total  number 
Justifled. 

8A 

00 

77 

231 

221 

139 

97 
139 
174 
105 

91 
100 

29 

46 

63 

178 

199 

12fi 

94 

180 

162 

168 

73 

82 

82.9 
76.0 
81.8 
77.1 
90.1 
89.9 

96.9 
93.6 
93.0 
86.1 
80.2 
82.0 

none 

none 

2 

81 

67 

90 

109 
76 
64 
13 
13 
8 

none 

none 

none 

22 

61 

73 

80 

60 

66 

9 

6 

8 

none 
none 
none 
none 
2 
13 

2 
2 

none 
none 
none 
none 

none 
none 
none 
none 
2 
13 

2 
2 

none 
none 
none 
none 

36 

60 

79 
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290 

242 

208 
217 
238 
2(i8 
104 
108 

29 

46 

63 

200 

262 
210 

176 
19e 
217 
177 
79 
90 

0.0 
71.0 
76.1 
81.1 

73.4 
78.9 
86.0 
69.2 
46.2 
100.0 

......... 

•  ••••«•■» 

100.0 
100.0 

100.0 
100.0 

1,M9 

1,348 

86.7 

473 

364 

66.8 

19 

19 

100.0 

2,061 

1,730 

1  i 


82.9 
76.0 
79.8 
76.3 

se.9 

86.8 

84.6 
88.6 
91.2 
86.1 
76.0 
83.8 

83.0 


Of  the  total  number  of  cautionary  off-shore  and  northwest  signals 
thus  displayed,  eighty-three  per  cent,  have  been  afterward  rei>orted 
as  justified  by  the  occurrence  of  winds  held  to  warrant  them  at  the 
points  where  the  signals  were  displayed,  or  within  a  radius  of  one 
hundred  miles  distant  from  those  points,  as  set  forth  in  the  rules  of 
this  office.    In  the  cases  reported  as  failures  the  winds  did  not  attain^ 
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at  the  port,  or  within  the  prescribed  radius,  a  violence  held  to  justify 
the  warning.  The  signal  ordered  is  always  cautionary  in  its  char- 
acter, not  announcing  that  a  storm  will  come,  but  that  the  indications 
are  sufficiently  threatening  to  call  for  caution,  both  as  to  going  to  sea, 
and  preparation  for  rough  weather,  if  vessels  are  about  to  sail. 

During  the  year  ending  June  30, 1881,  three  hundred  and  twenty 
storm  warnings  for  Canadian  stations  were  telegraphed  from  this  office 
to  the  Superintendent  of  the  Dominion  Meteorological  Service,  at  To- 
ix)nto,  Canada.  The  uses  made  of  these  warnings,  or  their  results  when 
displayed,  have  not  been  communicated  to  this  office. 

Special  instructions  have  been  issued  during  the  year  with  the  view 
of  securing  timely  notice  of  the  approach  of  dangerous  storms  from  the 
West  Indies.  These  storms  are  of  the  most  violent  character,  and  fre- 
quently move  slowly  westward  over  the  West  Indies,  thus  threatening 
the  stations  on  the  Atlantic  and  Gulf  coasts.  Warnings  of  the  approach 
of  these  West  Indian  storms  are  of  the  greatest  importance,  and  in  past 
years  the  display  of  signals  at  a  single  port  has  saved  from  destruction 
vessels  and  cargoes,-  the  value  of  which  has  exceeded  the  amount 
appropriated  for  the  maintenance  of  this  service  for  an  entire  year. 

RIVER   SERVICE. 

The  work  of  watching,  recording,  and  giving  timely  warning,  by  tele- 
graph, of  the  rise  and  fall  of  rivers,  has  been  continued  during  the  past 
year,  and  these  reports  were  of  especial  value  during  the  recent 
destructive  floods  in  the  western  rivers.  The  daily  river  reports 
received  at  this  office,  considered  in  connection  with  the  amount  of 
rainfall  occurring  in  the  regions  drained  by  particular  rivers,  enable 
those  chai'ged  with  the  preparation  of  bulletins  at  this  office  to  estimate 
the  probable  change  which  will  occur  in  the  water-level.  The  experi- 
ence of  past  years  has  enabled  this  office  to  determine  the  rate  of  move- 
ment of  freshet  waves  in  each  river  upon  which  stations  are  located. 
The  circular  issued  by  the  Chief  Signal  Officer  in  1875,  in  which  is 
given  the  "danger-line"  at  points  on  the  various  rivers,  has  been 
revised  (see  appendix  No.  67),  and  much  information  obtained  which 
will  lead  to  an  extension  of  this  service  for  the  benefit  of  the  agricul- 
tural, commercial,  and  manufacturing  interests  which  may  be  endan- 
gered by  approaching  floods. 

The  changes  in  the  principal  western  rivers  for  the  year  ending  June 
30, 1882,  are  exhibited  in  graphic  form  (see  charts  Nos.  25  to  37,  inclu- 
sive). 

By  the  study  of  such  charts,  continued  from  year  to  year,  those  sea- 
sons can  be  determined  in  which  floods  are  most  likely  to  occur  in  any 
water-course,  and  it  can  be  ascertained  what  amount  of  precipitation 
will  be  followed  by  floods. 

The  daily  river  reports  are  useful  at  time  of  low  water,  the  informa- 
tion they  then  give  pa-mitting  river  shipping  to  be  moved  with  intel- 
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ligent  foreknowledge  of  the  probable  depths  of  water  to  be  found  in 
the  river  channels  at  different  point  upon  the  river's  course. 

The  stations  from  which  telegraphic  river  reports  have  been  received, 
and  at  which  daily  river  bulletins  are  displayed,  are  enumerated  in  the 
classified  list  of  stations. 

A  complete  description  of  the  freshets  which  recently  occurred  in  the 
western  rivers  will  be  found  in  appendix  ^o.  57,  part  II. 

STATE  WEATHER   SERVICES. 

The  plan  of  organizing  state  weather  services  referred  to  in  my 
last  annual  report  has  met  with  encouraging  success  in  a  number  of 
states,  and  the  general  interest  expressed  by  the  governors  of  states 
with  whom  I  have  communicated  on  this  subject,  promises  a  further 
extension  of  this  valuable  and  economical  system  of  reports  in  the 
near  future.  The  object  of  these  local  state  weather  services  is  to 
increase,  without  expense  to  the  General  Government,  the  number  of 
stations  at  which  meteorological  obser\'ations  may  be  taken.  The  data 
thus  collected  is  utilized  by  the  Signal  Service  in  determining  the 
extent  and  severity'  of  particular  storms,  and,  flnall}^,  after  years  of 
observation,  in  determining  the  peculiarities  of  climate  of  each  sec- 
tion of  the  country,  and  in  defining  localities  favorable  or  unfavora- 
ble to  special  crops.  It  is  proposed  that  the  state  weather  services 
should  act  in  co-operation  with  the  Signal  Service,  and  be  so  organized 
that  ^ny  communication  of  importance,  such  as  special  predictions  of 
frost  which  may  prove  destructive  to  growing  crops,  predictions  of  the 
approach  of  floods  and  destructive  storms,  may  be  disseminated  from 
the  Office  of  the  Chief  Signal  Officer  throughout  the  state  or  districts 
threatened,  in  time  to  serve  as  warnings  of  approaching  danger.  State 
weather  services  have  been  organized  in  Ohio,  Indiana,  Illinois,  Mis- 
souri,  Kansas,  Nebraska,  Michigan,  and  New  Jersey,  and  are  in  co-op- 
eration with  this  service. 

Instructions  to  voluntary  observers  have  been  prepared  under  my 
direction  and  these,  with  necessary  forms,  are  supplied,  without  expense 
to  them,  to  the  observers  of  each  of  the  local  services.  The  progress 
made  during  the  year  in  the  organization  of  this  special  work,  is  an 
indication  of  the  general  interest  felt  by  the  people  of  the  country  in 
the  subject  of  meteorology,  and  the  benefits  which  will  accrue  to  the 
states  in  which  these  services  are  organized,  will  doubtless  induce 
neighboring  states  to  follow  the  lead  of  those  already  engaged  in 
this  work.  In  appendix  No.  58,  will  be  found  a  complete  account  of 
the  organization  of  the  state  weather  services  of  each  state,  showing 
the  plan  of  organization,  and  the  assistance  rendered  by  the  Signal 
Service.  The  act  of  Congress  organizing  the  meteorological  division 
of  the  Signal  Service,  provided  for  the  taking  of  meteorological  obser- 
vations at  military  stations  in  the  interior  of  the  continent,  and  at 
other  points  in  the  states  and  territories  of  th^  United  States,  and  for 
giving  notice  on  the  northern  lakes  and  on  the  sea-coast,  by  telegraph 
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and  marine  signals,  of  the  approach  and  force  of  storms.  The  stations 
of  the  Signal  Service  are  so  located  as  to  best  enable  the  Chief  Signal 
Officer  to. comply  with  the  requirements  of  the  law  above  referred  to. 
These  stations  are,  however,  so  limited  in  number,  and  so  distributed 
throughout  the  country,  as  to  furnish  information  bearing  more  directly 
upon  current  meteorology.  The  observations  thus  obtained,  cannot  be 
ntilized  in  defining  climatic  provinces  which  are  peculiar  to  many 
states.  The  state  weather  service  will  enable  the  people  of  the  whole 
country  to  become  conversant  with  the  climatic  conditions  of  every 
locality,  and  in  time  of  severe  storms,  will  enatile  this  office  to  com- 
municate readily  with  threatened  districts. 

PACIFIC  COAST  WEATHER   SERVICE. 

In  my  last  annual  report  I  referred  to  the  organization  of  a  special 
division  of  the  Signal  Service  for  the  purpose  of  a  more  thorough  study 
of  the  atmospheric  condition  of  the  Pacific  coast.  The  climate  on  this 
coast  diflFers  greatly  from  that  of  any  other  section,  and  there  is 
no  section  of  the  country  where  tnistworthy  weather  forecasts  would 
be  of  greater  value.  Numerous  applications  have  been  received  for 
an  increase  in  the  number  of  stations  and  the  establishment  of  a 
separate  sytem  of  forecasts  for  thetPacific  slope.  It  is  believed  that 
with  more  stations  on  the  coast,  and  a  central  office  at  San  Francisco, 
*under  the  charge  of  an  intelligent  assistant  authorized  to  give  public 
notice  of  the  approach  of  storms,  it  would  be  possible  to  give  timely 
warnings  to  those  most  interested  in  weather  changes.  The  construc- 
tion of  Signal  Service  telegraph  lines  near  the  mouth  of  the  Columbia 
river,  which  is  now  in  progress,  will  enable  this  service  to  establish  a 
regular  reporting  station  near  the  coast,  and  this,  with  other  stations, 
will  increase  the  trustworthiness  of  the  weather  forecasts  for  this  region. 
The  uncertainty  of  telegraphic  communication,  the  time  consumed  in 
transmitting  reports  to  this  office,  and  the  peculiarities  of  the  climate, 
all  suggest  the  necessity  of  this  special  service,  and  I  hope  to  be  able 
to  comply  with  the  many  requests  I  have  received  for  its  establish- 
ment. At  present,  however,  the  force  of  officers  detailed  as  acting 
signal  officers  is  so  limited  as  not  only  to  prevent  the  assignment  of 
an  officer  to  the  charge  of  this  work,  but  to  render  it  necessary  for 
those  now  serving  in  this  office  and  at  Fort  Myer  to  perform  duties 
which  cannot  be  executed  within  reasonable  office  hours. 

REVIEW  AND  BULLETIN  DIVISION. 

Monthly  Weather  Review. 

This  publication  'has  been  enlarged  and  improved  during  the  year, 
and  is  now  one  of  the  most  valuable  productions  of  this  office.  Each 
Eeview  presents  a  general  summary  of  meteoix)logical  data  collected 
by  this  office  during  the  month  for  which  it  is  issued.  The  intro- 
duction presents  a  brief  statement  of  the  general  weather  conditions 
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throughout  the  country,  and  the  probable  eflTect  of  the  same  upou  the 
agricultural  pix)ducts  of  each  section.  Any  unusual  phenomena 
observed  duiing  the  month,  and  new  features  of  the  Eeview  of  par- 
ticular interest,  are  also  described  in  the  introduction. 

The  daily  reports  from  the^  cotton  region  are  collected,  and  the 
monthly  means  of  temperature  and  rainfall  for  each  district  are  reg- 
ularly published  in  the  Review,  and  add  greatly  to  its  value.  These 
tables  are  much  sought  after  by  those  interested  in  the  cotton  trade, 
and  the  continuance  of  their  publication  is  urged  by  American  and  for- 
eign associations.  Additional  charts,  showing  the  limits  within  ^vhich 
ice  was  observed  in  the  North  Atlantic,  have  appeared  with  each 
Review  since  April.  These  charts  have  been  reproduced  in  maritime 
publications,  as  they  are  of  particular  interest  to  ship-masters,  enabling 
them  to  select  the  safer  routes  for  vessels  passing  to  and  from  the 
ports  of  the  United  States.  These  charts  are  also  valuable  as  a  per- 
manent record  of  the  unusual  ice-flow  of  the  present  year,  and,  when 
considered  with  the  meteorological  conditions  which  have  prevailed 
over  continents,  it  is  probable  that  some  relation  may  be  found  to  exist 
between  the  weather  conditions  which  prevail  in  the  lower  and  higher 
latitudes,  or  that  unusually  warm  years  in  polar  latitudes  may  be  fol- 
lowed by  cool  summers  in  lower  latitudes. 

The  opportune  establishment  of  polar  stations  last  year  will  furnish 
trustworthy  observations  from  which  may  be  determined  the  primary 
cause  of  the  unusual  ice-flow  of  the  present  year;  whether  it  may  be 
due  to  abnormally  high  temperatures,  unusual  precipitation,  or  to  other 
causes.- 

The  text  of  the  Monthly  Weather  Review  is  uniformly  arranged, 
the  several  meteorological  elements  being  treated  of  in  different  chap- 
ters, as  follows:  Under  the  heading  ^'  Barometric  Pressure,"  the  gen- 
eral distribution  of  pressure  is  described,  departures  from  the  normal 
values  for  the  month  and  barometric  ranges  in  the  several  districts  are 
noted.  The  movements  of  the  areas  of  high  and  low  barometer 
api^earing  within'  the  limits  of  the  United  States  are  also  traced, 
accompanied  by  a  general  description  of  the  atmospheric  changes 
attending  each  disturbance. 

The  chapter  on  "International  Meteorology,"  accompanying  the 
Review  contains  a  general  description:  of  the  meteorological  condi- 
tions based  upon  the  simultaneous  international  reports  as  printed  in 
the  International  Bulletin  of  this  office,  and  therefore  is  a  general 
account  of  the  weather  conditions  which  prevailed  in  the  northern 
hemisphere  during  the  month  for  which  the  Review  was  published. 
As  this  chapter  has  been  continued  during  the  past  three  years,  tables 
have  been  inserted  during  the  present  year  showing  the  depsirtures  of 
temperature  and  barometric  pressure  from  the  normals,  as  determined 
from  the  mean  of  three  years'  observations. 

The  International  charts,  which  are  issued  with  the  Review,  exhibit 
the  tracks  of  barometric  depressions  and  the  distribution  of  barometric 
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pressure  and  temperature  over  the  northern  hemisphere,  with  the  pre- 
vailing wind  at  each  station.  Issued  as  they  are,  from  month  to 
month,  they  disclose  the  atmospheric  changes  which  occur,  and  furnish 
valuable  material  for  the  solution  of  the  great  problem  of  climatic 
changes.  From' these  charts  may  be  traced  the  changes  in  the  distri- 
bution of  barometric  pressure  and  the  effect  of  the  same  upon  the  gen- 
eral weather  conditions  and  storm-areas ;  and  if  the  observations  are 
continued,  and  the  number  of  stations  increased,  they  will  offer 
material  from  which  the  successive  meteorological  changes  may  be 
determined. 

Under  the  heading  "Temperature  of  the  Air  "  are  noted  deviations 
from  the  mean  temperature  in  each  state,  ranges  of  temperature,  dates 
of  frost,  and  effects  of  the  same  upon  vegetation,  with  comparative 
tables  showing  maximum  and  minimum  temperature.  The  distribu- 
tion of  rainfall  throughout  the  United  States  is  shown  in  the  chart 
accompanying  the  Keview,  which  is  based  upon  observations  taken 
at  over  five  hundred  stations. 

Special  heavy  rains,  largest  and  smallest  monthly  rainfall,  number 
of  rainy  and  cloudy  days,  hail  and  sleet,  are  noted  under  the  heading 
of  *' Precipitation." 

The  chapter  on  "  Local  Storms  "  contains  accounts  of  tornadoes  and 
local  disturbances,  with  a  detailed  account  of  the  atmospheric  condi- 
tions attending  these  storms,  and  the  loss  of  life  and  property  result- 
ing from  them. 

Under  the  heading  "  [N^avigatidh  "  are  given  the  stage  of  water  in 
the  principal  rivers,  the  changes  which  may  have  occurred  during  the 
month,  and  a  full  account  of  floods. 

Under  the  heading  "  Miscellaneous  Phenomena"  are  given  the  re- 
sults of  excellent  observations  of  sun  spots,  which  have  been  furnished 
regularly  by  several  astronomical  observatories,  observations  of  meteors, 
polar  bands,  zodiacal  light,  water-spouts,  earthquakes,  drought,  and 
observations  of  the  appearance  and  flight  of  insects. 

The  distribution  of  temperature  and  pressure,  rainfall  and  move- 
ments of  storm-areas,  are  exhibited  on  the  charts  accompanying  the 
Review,  upon  which  are  printed  tables  showing  the  actual  tempera- 
ture and  rainfall,  and  the  departure  of  the  same  from  the  normal 
values  in  each  meteorological  district  (see  part  II  of  this  report). 

International  Bulletin, 

The  simultaneous  meteorological  observations  inaugurated  by  this 
service  in  1873,  have  been  continued  throughout  the  year,  and  the 
International  Bulletin  has  been  enlarged  by  the  f^o-operation  of 
foreign  meteorolo^cal  services  and  by  the  organization  of  the  marine 
division  of  this  office.  This  bulletin  is  issued  daily  one  year  after  the 
date  of  observation,  and  exhibits  the  atmospheric  conditions  prevailing 
over  the  northern  hemisphere  daily  at  7  a.  m.,  Washington  mean  time- 
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and  is  a<Jcompanied  by  charts  exhibiting  the  distribution  of  tempera- 
ture and  pressure,  and  direction  of  wind.  The  publication  of  the  bul- 
letin was  begun  July  1,  1875,  and  the  daily  synoptic  chart  was  first 
issued  in  1877.  It  is  not  possible  to  overestimate  the  value  which  this 
collection  of  data  furnishes  for  the  solution  of  the  great  problem  oi 
weather  prognostics. 

In  the  execution  of  this  important  work,  I  have  to  acknowledge  the 
valuable  co-operation  rtf  the  chiefs  of  the  meteorological  services  of  the 
different  countries  represented,  as  follows : 

Algeria,  Morocco,  and  Tunis,  by  General  Maritz,  Sup6riour  and  Genie 
in  Algeria;  Australia,  by  R.  L.  G.  Ellery,  Director  of  the  Melbourne 
Observatory  at  Melbourne,  1^.  S.  W. ;  Austro-Hungary,  by  Prof.  Dr. 
Julius  Hann,  Director  of  the  Imperial  and  Royal  Central  Meteorologi- 
cal Institute  at  Vienna;  Belgium,  by  J.  C.  Houzeau,  Director  of  the 
Royal  ^Observatory  at  Brussels;  Great  Britain,  by  the  Meteorologi- 
cal Council,  London,  Robert  H.  Scott,  F.  R.  S.,  Secretary;  Canada, 
by  Charles  Carpmael,  A.  M.,  F.  R.  A.  S.,  Director  of  the  Magnetic 
Observatory  at  Toronto,  and  Superintendent'of  the  Meteorological  Office 
of  the  Dominion  of  Canada ;  Cape  Colony,  by  the  Meteorological  Com- 
mission of  Cape  Colony  at  Cape  Town ;  China,  by  Marc  Dechevrens, 
S.  J.,  Director  of  the  Meteorological  Observatory  at  Zi-ka-wei ;  Costa 
Rica,  by  His  Excellency,  the  Minister  of  Foreign  Affairs,  tlirough 
Seiior  Amand  Maison,  Director  of  the  Central  Office  of  Statistics  and 
Meteorol6gy;  Denmark,  by  Captain  K.  Hoffmeyer,  Director  of  the 
Royal  Danish  Meteorological  Institlite  at  Copenhagen;  France,  by 
Prof.  E.  Mascart,  Director  of  the  Central  Meteorological  Bureau  of 
France ;  Glermany,  by  Prof.  Dr.  Keumayer,  Director  of  the  German 
Marine  Observatory  at  Hamburg;  Greece,  by  Prof.  Dr.  Julius  Schmidt, 
Director  of  the  Royal  Observatory  at  Athens;  India,  by  H.  F.  Blan- 
ford.  Meteorological  Reporter  to  the  Government  of  India;  Italy,  by 
His  Excellency,  fhe  Minister  of  Agriculture,  Industry,  and  Commerce, 
through  Prof.  P.  Tacchini,  Director  of  the  Central  Meteorological  Biu^au 
at  Rome;  Japan,  by  I.  Arai,  Director  of  the  Royal  Meteorological 
Observatory  at  Tokei;  Mauritius,  by  C.  Meldrum,  Secretary  of  the 
Meteorological  Society  of  Mauritius;  Mexico,  by  His  Excellency,  the 
Secretary  of  Public  Works,  through  Sefior  Mariano  Barccua,  Director 
of  the  Central  Meteorological  Observatory  at  ^lexico ;  Netherlands,  by 
Prof.  Buys  Ballot,  Director  of  the  Royal  ]\Ieteorological  Institute  at 
Utrecht;  Norway,  by  Prof.  H.  Mohn,  Director  of  the  Royal  Nor- 
wegian Meteorological  Institute  at  Christiana;  Portugal,  by  J. 
C.  de  Brito  Capello,  Director  of  the  Meteorological  Observatory 
of  the  Infante  Dom  Luiz  at  Lisbon;  Russia,  by  Prof.  H.  Wild, 
Director  of  the  Imperial  Central  Physical  Obser\'atory  of  Russia 
at  Saint  Petersburg;  Scotland  by  the  Scottish  Meteorological 
Society  at  Edinburgh,  through  Alexander  Buchan,  M.  A.,  F.  R., 
S.  E.,  Secretary;  Spain,  by  Antonio  Aguilar,  Director 
of    the    Royal    Observatory    at    Madrid;     Sweden,    by    Prof.    R. 
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Eubenson,  Director  of  the  Royal  Swedish  Meteorological  Institute  at 
Stockholm,  and  by  Prof.  H.  H.  Hildebrandson,  Director  of  the 
Meteorological  Observatory  at  TJpsala;  Switzerland,  by  Prof.  Eob. 
Billwiller,  Director  of  the  Central  Meteorological  Institute  of  Switzer- 
land at  Zurich,  and  Prof.  E.  Plantamour,  Director  of  the  Observatory 
at  Geneva ;  Turkey,  by  A.  Coumbary,  Effendi,  Directory  of  the  Cen- 
tral Observatory  at  Constantinople,  and  Prof.  C.  V.  A.  Van  Dyck, 
Superintendent  of  the  Lee  Observatory  at  Beirut ;  and  the  respective 
observers  of  each  series ;  British  Naval,  by  the  Meteorological  Coun- 
cil of  London,  through  Robert  H.  Scott,  Esq.,  F.  R.  S.,  Secretary; 
Portuguese  Navy,  by  J.  C.  de  Brito  Capello,  Directory  of  the  Meteoro- 
logical Observatory  of  the  Infant/C  Dom  Luiz  at  Lisbon  j  Swedish 
Navy,  by  E.  Molmberg,  Director  of  the  Nautical  Meteorological 
Bureau  of  Stockholm;  United  States  Navy,  by  the  honorable  Secre- 
tary of  the  Navy  through  Commodore  John  G.  Walker,  U.  S.  N.,  Chief 
of  the  Bureau  of  Navigation. 


Stations? 
reporting. 

Algerian  series 11 

Australian 1 

Austro-Hungarian 12 

Belgium 3 

British 31 

Canadian 34 

Cape  Colony 3 

Chinese 3 

Costa  Rica 1 

Danish 6 

French 45 

German 18 

Greek 1 

Indian 21 


stations 
reporting. 

Italian 18 

Japanese 12 

Mauritius 1 

Mexican 12 

Netherlands 5 

Norwegian 6 

Portuguese 6 

Russian 22 

Scottish.... 3 

Spanish  series 11 

Swedish 6 

Swiss 2 

Turkish 3 

United  States,  sub-series 14 


Total  number  of  foreign  stations  reporting  daily 309 

United  States  series 183 


Total  number  of  daily  reports  received  from  local  stations  to  June 

30,1882 492 

Total  number  of  daily  reports  received  from  local  stations  to  June 
30,1881 466 

An  increase  of : 26 

The  office  has  the  co-operation  of  the  following  steamship  lines: 
Allan  Line,  through  its  agents,  A.  Schumacher  and  Company, 
of  Baltimore,  and  H.  and  A.  Allan,  of  Boston,  Massachusetts, 
and  Portland,  Maine  ^  American  Line,  through  Peter  Wright 
and  Sons,  agents;  the  Anchor  Line,  through  Henderson  Brothers, 
agents;  the  Atlas  Line,  through  Pirn,  Forward  and  Company, 
agents;  the  Boston  and  Halifax  Line,  through  F.  W.  Nickerson,  agents ; 
the  Bristol  City  Line,  through  Arkell  and  Company,  agents ;  the  British 
Shipowners  Company,  of  Liverpool,  Peter  Wright  and  Sons,  agents ; 
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Oalifomian  and  Mexican  Steamship  Company,  through  J.  Birmingham, 
agent;  the  Cromwell  Line,  through  Clark  and  Seaman,  agents;  the 
Ounard  Line,  thwugh  Vernon  H.  Brown  and  Company,  agents  at  New 
York,  and  P.  H.  Du  Vemet,  agent  at  Boston;  the  General  Trans- At 
lantic  Company,  through  Louis  De  Bebian,  agent;  the  Guion  Line, 
through  Williams  and  Guion,  agents ;  the  Hamburg  American  Packet 
Company,  through  Kuhnhardt  and  Company,  agents;  the Inman  Line, 
through  John  G.  Dale,  agent;  the  Johnson  Line,  through  Pattersen, 
Ramsey  and  Company,  agents;  the  Leyland  Line,  through  Thayer  and 
Lincoln,  agents;  the  Merchants'  Express  Line,  through  Punch,  Edge 
and  Company,  agents;  the  Merchants'  Steamship  Company,  through 
E.  P.  Borland,  agent ;  the  Morgan  Line,  through  Bogert  and  Morgan, 
agents;  the  National  Line,  through  F.  W.  J.  Hurst,  manager ;  tiie  New 
York  and  Cuba  Mail  Steamship  Company,  through  Jas.  E.  Ward  and 
Company,  agents;  the  New  York,  Havana  and  Mexican  Mail  Steam- 
ship Company,  through  F.  Alexander  and  Sons,  agents;  the  North 
German  Lloyd  Line,  through  A.  Schumacher  and  Company,  agents^ 
Baltimore,  and  Oelrich  and  Company,  agents.  New  York ;  the  Occi- 
dental and  Oriental  Steamship  Company,  through  George  Young,  agent; 
the  Oregon  Lnprovement  Company,  through  John  L.  Howard,  agent; 
the  Oregon  Railway  and  Navigation  Company,  through  K.  von  Oter- 
endorp,  agent;  the  Pacific  Coast  Steamship  Company,  through  Good- 
all,  Perkins  and  Company,  agents;  Pacific  Mail  Steamship  Company, 
through  Williams,  Diamond  and  Company,  agents,  San  Francisco,  and 
H.  J.  BuUay,  superintendent  at  New  York;  the  Quebec  Steamship 
Company,  through  A.  E.  Outerbridge  and  Company,  agents;  the  Red 
Star  Line,  through  Peter  Wright  and  Sons,  agents  at  New  York  and 
Philadelphia;  the  Rotterdam  Line,  through  L.  W.  Morris,  agent;  the 
Savannah  Line  Ocean  Steamship  Company,  through  F.  W.  Nickerson, 
agent ;  the  State  Line,  through  Austin,  Baldwin  and  Company,  agents; 
Texas  Line,  through  C.  H.  Mallory  and  Company,  agents;  Thingralla 
Line,  through  Punch,  Edge  and  Company,  agents;  the  Warrea  Line, 
through  Warren  and  Company,  agents ;  the  White  Cross  Line,  through 
Punch,  Edge  and  Company,  agents ;  the  White  Star  Line,  through  R. 
J.  Cortis,  agent;  the  Wilson  Line,  through  Sanderson  and  Sons,  agents; 
the  Winsor  Line. 
Also,  the  co-operation  of  the  New  York  Herald  Weather  Service. 

Summary. 

Total  number  of  steamship  lines  reporting  to  June  30,  1882 43 

Total  number  of  steamship  lines  reporting  to  June  30, 1881 11 

An  increase  of  lines 32 

Number  of  vessels  reporting  in  the  British  Navy 93 

United  States  Navy 45 

Portuguese  Navy G 

Swedish  Navy 2 

Marine  reports  furnished  through  the  British  Meteorological 

Office 25 


i 
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« 

Marine  reports  furnished  through  the  ]S"ew  York  Herald  Weather 

Service 11 

Steamships,  sailing  vessels,  &c.,  reporting  direct  to  this  office...  245 

Total  navaJ  and  marine  reports  June  30,  1882 427 

Total  naval  and  marine  reports  June  30, 1881 202 

An  increase  of. , 225 

Total  number  of  reports  received  daily  from  land  stations  to  June 

30,  1882 429 

Total  number  of  naval  and  marine  reports  received  daily  to  June 

30,1882 427 

Total  number  of  stations  reporting  daily  to  June  30, 1882 919 

Total  number  of  stations  reporting  daily  to  June  30,  1881 668 

An  increase  of  stations  over  1881 251 

Recapitnlatian. 


ISSI.  188-2.  Increaee. 


Land  stations" |  47G  402        \  2G 

Naval  reports 1.'4        .  140        |  12 

Steamship  and  mi»cellan«'oU!<  mariuo  roport!* 08        I  2'Jl        I  213 


Total GfW  019  251 


Steamship  lines U  4;^  32 


It  will  be  seen  from  the  above  that  all  the  principal  nations  are  now 
co-operating  in  this  important  work  of  collecting  meteorological  data, 
which  will  represent  the  atmospheric  conditions  within  the  region  of 
observation  at  the  same  instant  of  actual  time ;  and  this  service,  with  the 
approval  of  the  Secretary  of  War,  has  assumed  the  important  ta«k  of 
collecting  and  publishing  these  observations,  returning  to  each 
observer,  in  printed  form,  the  bulletin  which  contains  all  simultaneous 
observations  received.  The  synoptic  charts  accompanying  this  publi- 
cation cover  a  wider  field  of  observation  than  similar  charts  published 
by  any  other  service,  and  with  an  increase  in  the  number  of  observers 
they  will  prove  of  great  value  in  the  study  of  atmospheric  phe- 
nomena. From  the  observations  thus  collected  and  published,  the 
questions  as  to  the  translation  of  storms  and  the  rate  and  direction  of 
their  movements,  the  movements  of  areas  of  high  and  low  barometer, 
the  conditions  of  temperature  existing  throughout  the  northern  hem- 
isphere from  day  to  day,  as  well  as  questions  of  climatology,  may  be 
investigated  5  and  it  is  lioped  that  the  ultimate  result  of  the  work  will 
enable  this  office  to  extend  the  time  for  which  reliable  forecasts  of  the 
weather  .are  now  made,  and  to  give  information  as  to  the  general  char- 
acter of  months  and  seasons.  From  the  simultaneous  observations 
already  collected  and  charted,  atmospheric  disturbances  have  been 
traced  from  the  Pacific  ocean  eastward,  over  the  United  States,  the 
north  Atlantic  and  northern  Europe,  to  northern  Asia,  thus  settling 
the  question  of  the  translation  of  storms  from  continent  to  continent. 
Practical  application  of  the  values  of  this  service  to  the  shipping 
interests  may  be  found  in  the  determination  of  the  inovements  and 
extent  of  storms  in  the  north  Atlantic.    From  the  study  of  these  charts. 
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shipmasters  are  frequently  enabled  to  avoid  the  most  severe  storms, 
ajid,  in  many  cases,  from  an  understanding  of  the  movement  of  winds 
about  centers  of  barometric  depression,  actually  turn  them  to  advan- 
tage. 

The  establishment  of  meteorological  stations  in  high  latitudes 
by  the  International  Polar  Commission  is  a  part  of  the  general  scheme 
of  international  meteorology,  and,  as  all  stations  so  established  are 
required  to  take  observations  simultaneously  with  those  of  the  bulletin, 
reports  from  them  are  looked  for  with  great  interest,  for  they  will 
serve  to  determine  many  questions  as  to  the  movements  of  storms 
in  high  latitudes  after  they  have  pa-ssed  beyond  the  limit  of  perma- 
nent stations. 

The  large  increase  in  marine  reports  by  the  co-operation  of  the 
United  States  Navy,  foreign  navies,  and  the  merchant  marine,  will 
lead  to  a  knowledge  of  the  movements  of  storm-areas  over  the  ocean, 
and  the  location  of  these  storms  from  day  to  day  may  be  determined 
from  such  observations  as  accurately  as  barometric  depressions  are 
traced  by  reports  from  permanent  stations. 

This  publication  has  been  enlarged  by  the  addition  of  a  "Monthly 
Summary,"  which  contains  the  monthly  means  of  meteorological  obser- 
vations published  in  the  International  Bulletin  and  a  monthly 
mean  chart.  These  summaries  have  been  published  each  month  during 
the  past  year.  A  sample  of  the  bulletin  and  ''  Monthly  Summary  " 
will  be  found  in  appendices  Nos.  59  and  60. 

MARINE  DIVISION. 

The  general  interest  now  taken  in  the  study  of  ocean  meteorology, 
and  the  benefit  to  be  derived  from  a  thorough  knowledge  of  the  weather 
conditions,  especially  in  the  north  Atlantic,  at  the  several  seasons  of 
the  year,  convince  me  of  the  necessity  of  increasing  this  branch  of  the 
office  work.  I  have  therefore  established  a  division  of  marine  reports, 
in  order  to  enlarge  the  collection  of  meteorological  observations  taken 
at  sea  by  the  merchant  marine ;  to  secure  greater  simultaneity  in  these 
observations ;  to  make  the  study  of  meteorology  and  its  relation  to 
shipping  interests,  in  this  office,  more  useful  to  navigators  and  ship- 
owners; to  furnish  additional  facilities  for  comparing  barometers  in 
our  seaports ;  to  familiarize  ship-masters  with  the  signals  displayed  by 
this  service  to  announce  the  approach  of  dangerous  storms  menacing 
vessels  sailing  near  the  coast  of  the  United  States,  and  to  enable  ves- 
sels in  distress  to  call  for  prompt  relief  when  in  view  of  any  signal  sta- 
tion. As  organized,  the  work  of  the  division  is  performed  under  the 
supervision  of  an  officer,  by  marine  reporters  and  marine  agents,  who 
are  assigned  as  needed. 

Marine  agents  visit  merchants' exchanges,  boards  of  trade,  captains, 
owners,  and  agents  of  vessels  sailing  from  the  United  States,  and  ex- 
plain the  scope  of  the  work  and  the  purposes  of  this  bureau,  and  en- 
deavor to  secure  hearty  co-operation  therein.    They  solicit  visits  to  the 
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signal  stations  in  our  ports;  impart  a  knowledge  of  the  nature,  extent, 
value,  and  uses  of  the  system  of  observations  and  reports  of  the  Signal 
Service  for  the  benefit  of  commerce,  and  encourage  application  to  sig- 
nal officers  for  meteorological  information.  They  explain  the  different 
signals  displayed  to  give  warning  of  approaching  storms,  the  methods 
by  which  inquiries  may  be  made  from  vessels  sailing  near  the  ox)ast,  for 
special  weather  forecasts,  or  other  information  from  shore  stations,  and 
the  nature  and  .extent  of  the  relief  which  will  always  be  furaished  ves- 
sels when  in  distress.  They  encourage  comparisons  of  ship's  meteoro- 
logical instruments  with  the  standards  at  signal  stations.  Whenever 
possible  they  endeavor  to  interest  ship-masters  in  taking  simultaDCOUS 
observations,  and  in  special  cases  they  may  furnish  ship-masters  with 
good  barometers  and  thermometers.  Whenever  simultaneous  obser- 
vations are  promised  for  this  office,  blank  forms  are  furnished,  put  up 
in  convenient  packages. 

Marine  agents  submit  monthly  reports  of  the  progress  mode  in  the 
work  assigned  them,  and  also  inform  this  office  at  any  time  on  any 
other  subject  of  interest  to  the  Signal  Service  coming  to  their  notice  in 
their  travels  and  intercourse  with  the  commercial  world. 

The  marine  reporters  examine  all  publications  relative  to  the  naval 
and  merchant  marine  co-operating  in  meteorological  work,  and  report 
monthly  and  annually  the  statistics  of  storms,  accidents,  marine  insur- 
ance, signals,  marine  weather  services,  marine  legislation,  and  any 
other  matter  affecting  the  safety  of  the  shipping  of  the  United  States 
from  meteorological  causes. 

The  marine  reporters  also  prepare  special  papers  for  distribution  by 
the  Chief  Signal  Officer,  containing  changes  or  additions  to  the  system 
of  storm  signals  displayed  at  any  of  the  ports  visited  by  United  States 
shipping. 

A  detailed  tabular  statement  showing  the  vessels  of  the  merchant 
marine,  with  their  captains,  on  which  simultaneous  meteorological 
observations  have  been  taken  for  the  Signal  Service  during  the  past 
year,  is  given  in  aj)pendix  No.  G2. 

On  the  1st  day  of  July,  1881,  the  number  of  vessels  of  the  merchant 
marine  reporting  to  this  bureau  was  sixty-eight;  now  the  number  is 
two  hundred  and  fiftv-niue. 

The  great  increase  of  the  number  of  observations  takeu  at  sea 
demonstrates  the  wisdom  of  establishing  a  marine  division.  The 
steamship  lines  have  very  generally  responded  to  my  request  for 
co-operation. 

A  marine  agency  was  established  in  the  maritime  exchange  in  New 
York  city,  and  has  proven  to  be  a  valuable  adjunct  to  the  work  of  the 
marine  division.  Through  the  courtesy  of  Mr.  John  Smith,  superin- 
tendent, and  Mr.  F.  W.  Houghton,  secretary  of  the  Maritime  Associa- 
tion, the  marine  agent  of  the  service  was  given  desk  room  in  their 
reading  room  for  the  transaction  of  his  busiuess. 

As  not  only  captains,  but  vessel  owners  and  others  interested  in 
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ocean  meteorology  visit  the  exchange  in  large  numbers,  it  is  a 
desirable  center  for  the  especial  service  of  the  marine  agent. 

Captains  of  vessels  have  their  barometers  compared  here  when  in 
port  with  the  United  States  Signal  Service  standard,  which  is  located 
at  the  exchange  for  convenience  of  tUe  shipping  interests. 

Since  the  establishment  of  the  marine  agency  considerable  improve- 
ment has  been  made  at  the  exchange  in  the  display  of  the  Signal 
Service  weather  reports.  A  black-board  has  been  placed  in  the  most 
conspicuous  part  of  the  exchange,  where  every  four  hours  during  thte 
day  the  meteorological  conditions  along  the  sea  coast  from  Wilming; 
ton,  Korth  Carolina,  to  Block  Island,  Ehode  Island,  {ire  noted  for  the 
benefit  of  the  coasting  trade. 

^^  New  TorJc  Ilerald.^^ 

The  friendly  co-operation  of  the  "New  York  Herald  Weather  Ser- 
vice "  with  the  marine  division  has  been  very  gratifying  during  the 
past  year. 

Mr  B.  A.  Collins,  the  meteorologist  in  charge,  has  supplied  this 
office  with  much  valuable  data  in  the  shape  of  simultaneous  obser- 
vations at  sea,  logs  of  vessels,  temperature  charts,  iceberg  reports  and 
other  useful  information. 

"  The  New  York  Nautical  Gazette,''^ 

This  paper  has  commended  the  marine  division  in  its  labors  to 
secure  observations  at  sea.  Captain  Osborn,  the  editor,  kindly  keeps 
standinga  notice  in  this  paper  to  secure  this  end. 

'^  The  New  York  Maritime  Register, ^^ 

Through  the  columns  of  that  journal  the  Signal  Service  has  been 
enabled  to  reach  parties  who  otherwise  wouhl  not  have  been  made 
acquainted  with  the  work  and  needs  of  the  service.  It  has  I  find  a 
very  extensive  circulation  in  all  parts  of  the  world,  and  it  reaches  the 
classes  that  are  specially  interested  in  ocean  meteorology  better  than 
other  journals.  Its  influence  is  great  in  a  large  field,  and  I  find  that 
its  advice  and  requests  to  ship-owners  and  ship-masters  receive  much 
consideration.  Owing  to  these  facts  the  reports  and  charts  of  the  ser- 
vice published  in  its  columns  have  thereby  been  widely  disseminated. 

'^Useftd  Information  to  Ship-masters,^^ 

The  pamphlet  entitled  "  Useful  Information  to  Shipmasters  "  has 
been  widely  circulated.  Through  the  marine  agency*  in  New  York 
city  the  merchant  marine  of  every  nationality  has  been  reached  and 
put  in  possession  of  this  valuable  publication. 

'^      Barometers  comjyarcd. 

Everyw^^ere  an  increasing  interest  is  manifested  by  ship-masters  in 
regard  to  the  condition  of  their  barometers  before  proceeding  to  sea. 
As  an  evidence  of  this  fact  the  marine  agent  alone  has  examined,  com- 
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pared^  determiued  error,  and  set  over  two  hundred  barometers  for  mas- 
ters of  vessels  in  his  travels  along  the  Atlantic  coast.  In  connection 
with  the  work  of  the  marine  di\'ision  there  have  been  prepared  and 
published  in  the  Monthly  Weather  Eeview  of  thevSignal  Service 
ice-charts  for  the  different  months,  and  a  chart  showing  the  tracks  of 
the  principal  hurricanes  for  the  years  since  the  establishment  of  the 
weather  bureau  of  the  Signal  Service.  These  charts  have  been  repro- 
duced in  the  Maritime  Register  of  Kew  York,  and  have  very  generally 
reached  the  shipping  interests.  The  ice-charts  have  been  made  pos- 
sible only  by  the  great  extension  of  the  marine  observations  sent  to 
this  bureau. 

PRINTING  DIVISION. 

I 

The  charts,  bulletins,  circulars,  instructions,  &c.,  necessary  to  sup- 
ply the  wants  of  this  serAice  at  the  central  office  and  at  the  several 
stations  have  been  printed  at  this  office.  Owing  to  the  increase  of 
work,  additional  material  has  been  required  and  a  new  press  purchased. 
Thus  the  office  is  enabled  to  issue  the  current  publications  with  great 
promptness.  The  foUowing  is  a  summary  of  the  work  performed  in 
this  division  during  the  year : 

Bulletin  of  International  Observations,  quarto,  12  pages, 

daily  edition  of  600  copies 219,000 

Monthly  Summary,  quarto,  10  pages 5,400 

Monthly  Weather  Eeview,  quarto,  20  pages 24,000 

Farmers' Bulletin 143,144 

Professional  Papers ,...  5,000 

Signal  Service  Orders 71,078 

Signal  Service  Instructions 22,380 

Signal  Service  Circulars 11,640 

Post-office  wrappers 1,834,800 

Envelopes 728,279 

Forms 215,000 

Letters  and  letter-heads 43,310 

Miscellaneous 123,672 

Total  3,238,641 

The  lithograph  room  has  been  supplied  with  a  power  press,  which  has 
proven  satisfactory.    The  work  performed  during  the  year  is  as  follows : 

Base  maps 306,693 

Maps  and  charts 322,173 

Forms  and  blanks 84,357 

Letters  and  letter-heads 76,037 

Total 708,259 

TRI-DAILY  METEOROLOGICAL  RECORD  QF  OBSERVATIONS. 

Preparation  of  data  and  charts  for  this  publication  has  been  contin- 
ued during  the  year,  and  it  is  believed  that  with  the  force  now  engaged 
upon  this  work  the  office  will  be  able  to  speedily  resume  the  issue  of 
this  important  publication. 
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The  "  Trirdaily  Meteorological  Record  "  is  a  continuation  in  a  revised 
form  of  the  publication  previously  known  as  the '*  Daily  Bulletin  of 
Synopses,  Indications  and  Facts,"  which  was  begun  in  1872,  and 
of  which  thirty-six  volumes  with  accompanying  charts  have  already 
been  issued. 

This  publication  is  designed  to  present  a  revised  and  corrected 
edition  of  the  tri-daily  bulletin  and  charts  that  are  made  up,  primariljr, 
in  the  ciurent  daily  work  of  this  "office  from  telegraphic  reports. 
This  series  is,  therefore,  to  be  distinguished  from  the  series  of,  ^'  Daily 
Bulletin  of  Weather  Reports,"  or  of  "Simultaneous  Weather  Reports" 
published  monthly  from  January,  1872,  to  December,  1877,  which  was 
designed  to  present  in  permanent  form  the  current  daily  work  without 
revision  or  correction.  This  publication  contains  the  original  synop- 
ses, indications  and  verifications,  without  alteration,  as  made  out  three 
timrs  a  day  at  this  office,  from  telegraphic  reports,  but  revised  and 
corrected  editions  of  the  bulletins  and  charts. 

By  the  courtesy  and  co-operation  of  the  superintendent  of  the 
Meteorological  Service  of  the  Dominion  of  Canada,  the  tables  and 
charts  given  include  data  from  such  stations  under  his  control  as  by 
comity  of  exchange  send  regular  telegraphic  reports  to  this  office. 

The  bulletins,  as  now  published,  exhibit  the  record  of  simultaneous 
observations  taken  daily  at  7.35  a.  m.,  4.35  p.  m.,  and  11  p.  m.,  Wash- 
ington time.  The  observations  are  given  as  copied  from  the  original 
manuscript  reports  of  the  observers.  Stations  whose  reports  were  not 
received  by  telegraph  in  time  to  be  available  in  the  preparation  of  the 
current  synopsis  and  indications  are  indicated  by  a  star  (*). 

The  chart  accompanying  each  bulletin  presents  geographically  a 
large  part  of  the  information  contained  therein.  The  isobars  and  iso- 
therms have  been  specially  drawn  anew  for  use  in  this  publication 
and  are  presumably  free  from  the  errors  and  omissions  incident  to  tele- 
graphic work, 

The  synopsis,  indications,  and  cautionary  signals  accompanying  each 
bulletin  are  copies,  without  alteration,  of  those  issued  tridaily  from 
this  office,  and  which  are  based  on  the  telegraphic  reports  received 
up  to  the  moment  of  issue. 

The  labor  of  compiling  detailed  percentages  of  verification  of  pre- 
dictions is  performed  daily  and  independently,  and  the  general  remarks 
on  the  respective  predictions  are  published  in  each  volume.  The 
detailed  percentage  will  be  found  in  the  Monthly  Weather  Review 
of  this  office. 

Each  synopsis  expresses  in  general  terms  the  existing  meteoric  con- 
ditions and  the  changes  that  have  taken  place  within  the  twenty-four 
hours  preceding.  The  districts  referred  to  in  the  synopsis  and  indica- 
tions are  defined  on  the  district  map  which  accompanies  the  publica- 
tion. The  indications  relate  in  general  to  the  weather  of  the  twenty- 
four  hours  next  foUowing,  and  the  verifications  are  compile<l  by  a  com- 
parison with  conditions  exhibited  on  the  corresponding  charts. 
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The  maps  of  this  publication  afford  a  meteorological  record  of 
especial  value  in  the  study  of  storm  movements  within  the  United 
States,  and  the  whole  publication  furnishes  a  record  more  complete 
than  any  other  now  issued.  The  reduction  of  the  barometric  read- 
ings to  sea-level  are  effected  by  the  use  of  constants  added  to  the 
actual  barometric  readings  (i.  e.  corrected  for  temperature  and  instru- 
mental error  only).  These  constants  have  been  determined  for  the 
special  use  of  the  Signal  Service,  and  a  description  of  the  method  of 
computing  them  will  be  found  in  appendix  Ko.  61. 

The  tri -daily  weather  maps  as  charted  from  telegraphic  observations 
are  necessarily  incomplete  owing  to  the  frequent  failures  to  receive 
reports  in  time  for  the  issue.  The  chartsto  accompany  this  record 
being  ba^ed  upon  mail  reports,  will,  therefore,  be  more  complete,  and 
with  the  improved  method  of  reducing  the  barometer  to  sea-level,  the 
isobarometric  and  isothermal  lines  will  extend  further  to  the  westward. 

INSTRUMENT  ROOM. 

In  the  instrument  room  of  this  office  one  thousand  six  hundred  and 
one  meteorological  instruments  have  been  carefully  compare'd  with  the 
official  standards  during  the  year;  eight  hundred  and  forty-two  have 
been  purchaned,  and  sixty-three  repaired  and  manufactured  by  the 
instrument-makers  employed  in  the  office.  Of  the  number  compared, 
one  thousand  four  hundred  and  twelve  were  issued,  as  follows :  To 
regular  stations  five  hundred  and  thirty-one;  to  cotton-belt  stations 
three  hundred  and  twelve;  to  private  individuals  two  hundred  and 
fifty-two ;  to  Arctic  expedition  two  hundred  and  four ;  to  the  Bureau 
of  Navigation,  Navy  D^artment,  eighteen,  and  to  the  Indiana  and 
Kansas  State  Weather  Services  ninety- five.  One  hundred  and  eighty- 
four  instruments  were  broken  on  Station  and  turned  in  to  the  property 
and  disbursing  officer  of  the  service  to  be  repaired  or  condemned. 

Several  new  self-registering  instruments  have  been  devised,  and 
these,  together  with  the  other  self-recording  apparatus  at  this  office, 
are  being  systematically  compared  with  approved  standards.  Nearly 
all  of  the  more  delicate  instruments  are  sent  by  mail,  special  arrange- 
ments having  been  made  with  the  Postmaster  (General  for  such  trans- 
mission. But  few  instruments  are  broken  in  transit  owing  to  the  care- 
ful management  of  the  employes  of  the  Bailway  Mail  Service. 

A  new  pattern  of  rain-gauge  has  been  devised  for  the  use  of  the 
state  weather  services  and  voluntary  observers  of  the  Signal  Service. 

Improvements  have  been  made  in  the  apparatus  for  comparing  in- 
struments with  the  standards,  and  the  office  is  prepared  to  make  com- 
parisons of  instruments  purchased  for  private  uses,  or  to  furnish  to 
individuals,  at  actual  cost  price,  instruments  which  have  been  carefully 
compared  with  the  standards.  Special  attention  has  been  given  to 
this  subject  as  the  value  of  all  meteorological  records  depends  upon  the 
reliability  of  the  instruments. 
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WiTEE  TEMPERATURES 

t 

The  stations  of  the  Signal  Service  located  on  the  sea-coast  and  on 
rivers  and  lakes  are  supplied  with  special  .water  thermometers,  and 
the  observers  in  charge  are  required  to  record  daily  the  temperature 
of  water  both  at  the  surface  and  at  the  bottom,  Thesie  observations 
have  been  continued  during  the  present  year,  and  tables  have  been 
published  in  the  Monthly  Weather  Eeview  showing  the  temper- 
ature of  the  water  at  each  station.  In  the  recent  issues  of  the  Eeview 
comparisons  have  been  made  between  the  water  temperature  and  air 
temperature  at  the  several  stations.  These  reports  have  been  fur- 
nished to  Prof.  Spencer  F.  Baird,  Secretary  of  the  Smithsonian 
Institution,  and  Commissioners  of  Fish  and  Fisheries,  for  use  in  de- 
termining what  waters  are  best  for  the  different  varieties  of  food 
fishes.  These  reports  have  been  continued  during  the  past  nine  years, 
and  from  the  records  thus  furnished  of  extremes  and  means  of  water  tem- 
perature for  each  month  of  the  year,  those  interested  in  the  culture 
of  fish  are  enabled  to  correctly  judge  of  the  localities  best  suited  for  the 
several  varieties  of  food  fishes. 

The  Chief  Signal  Officer  is  pleased  to  co-operate  in  the  development 
of  this  culture,  and  hopes  to  be  able  to  render  further  assistance  to 
the  fisheries  of  the  Atlantic  coast  by  thfe  pre-announcement  of  such 
atmospheric  changes  a^   may  be  found  important  to  this  industry. 

NEWSPAPER  weather  CHARTS. 

The  daily  weather  chart,  which  was  first  published  on  May  1, 
1879,  in  "The  Daily  Graphic,"  a  journal  printed  in  New  York 
city,  has  been  continued.  During  the  greater  part  of  the  year 
this  chart  was  a  facsimile  of  the  morning  weather  chart  traced 
in  this  office,  which  was  telegraphed  in  fecial  cipher  to  the 
observer  in  charge  of  the  New  York  station,  who  prepared  the 
chart  for  publication.  Eecently  the  chart  has  been  prepared  by  the 
observer  in  New  York  from  reports  received  by  him,  thus  saving  the 
expense  of  telegraphing  the  chart  from  this  office,  and  at  the  same 
time  securing  one  which  gives  perfect  satisfaction.  Experiments  have 
been  made  during  the  year  with  the  view  of  securing  the  publication 
of  similar  weather  charts  in  other  journals,  printed  from  stereotyped 
plates,  and  the  results  promise  the  solution  of  this  difficult  undertaking 
in  the  near  future.  Plates  have  already  been  prepared  for  the  publi- 
cation of  a  weather  chart  similar  to  that  published  in  "  The  Daily 
Graphic,"  as  a  part  of  the  Farmers'  Bulletin,  and  when  issued,  the 
country  will  be  supplied  with  weather  charts  based  upon  the  midnight 
report,  exhibiting  the  isobarometric  and  isothermal  lines,  with  state  of 
weather  and  wind- direction,  at  the  principal  stations.  These  charts 
will  be  engraved  at  the  stations  from  which  the  Farmers'  Bulletins 
are  issued,  and  will  present  in  a  graphic  form  the  several  meteorologi- 
cal elements. 
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The  cipher  previously  used  in  the  transmission  of  the  "Graphic" 
weather  charts  may  be  found  useful  in  the  transmission  of  outline 
charts  showing  general  topography,  lines  of  entrenchments,  direc- 
tion of  movements,  &c.,  by  telegraph,  in  case  of  active  military 
operations.  This  system  may  also  be  used  for  the  rapid  transmission 
of  monthly  mean  charts  to  the  various  cities  of  the  United  States,  or 
to  foreign  countries,  should,  at  any  time,  such  transmission  be  deemed 
advisable. 

ARCTIC  OBSERVATIONS  AND  EXPLORATION. 

In  my  last  annual  report  I  discussed  the  fitting  out  of  two  expeditions 
for  the  Arctic  regions,  one  for  Lady  Franklin  bay,  and  the  other  for 
Point  Barrow,  Alaska,  the  object  of  the  expeditions  bein<r  the  estab- 
lishment and  occupation  of  stations  for  meteorological  observation 
and  exploration.  In  view  of  the  wide-spread  feeling,  now  intensified 
by  the  sad  fate  of  De  Long  and  his  men,  that  polar  expeditions  result 
in  great  danger  to  life  without  adequate  return,  it  is  proper  to  explain 
the  objects  of  the  expeditions  sent  out  under  the  .du'^ction  of  this 
bureau. 

These  expeditions  were  sent  to  the  Arctic  regions  to  establish  sta- 
tions for  the  carrying  out  of  the  first  systematic  plan  ever  put  in  opera- 
tion for  the  study  of  the  meteorology  of  the  extreme  north. 

In  J876,  Lieutenant  Karl  Weyprecht,  of  the  Austrian  naval  service, 
a  scientist  and  explorer  of  high  reputation,  proposed  a  scheme  of 
international  meteorological  observation  in  the  polar  regions,  to  be 
continued  at  least  three  years,  at  a  line  of  stations  encircling  the  pole, 
and  as  near  to  it  as  practicable. 

An  international  geographical  congress  held  at  Hamburg  in  1879,  at 
which  delegates  were  present  from  France,  Germany,  Russia,  Austria 
and  Hungary,  Denmark,  the  Netherlands,  and  Norway  and  Sweden, 
a  plan  was  adopted  for  this  work.  At  a  subsequent  congress  held  at 
St.  Petersburg,  in  August,  1881,  the  details  were  arranged,  and  assur- 
ances were  given  that  the  countries  interested  would  co-operate. 

It  was  originally  intended  to  occupy  the  polar  stations  as  early  as 
August  of  last  year,  but  delays  prevented  the  establishment  of  any  but 
those  opened  by  the  United  States.  It  is  now,  however,  definitely 
understood  that  the  international  series  of  observations  will  begin  on 
August  1, 1882,  and  will  be  regularly  continued  thereafter. 

Very  valuable  results  are  expected  from  this  work,  among  which  may 
be  mentioned  a  more  accurate  knowledge  of  the  conditions  which  govern 
the  origin  and  paths  of  storms,  the  descent  of  polar  waves  of  unusual 
cold,  the  irregular  and  uncertain  movement  of  dangerous  ice  in  the 
north  Atlantic,  the  more  northern  phenomena  of  terrestrial  magnetism, 
and  terrestrial  electric  currents,  the  minute  variations  and  dip  of  the 
magnetic  needle,  the  better  determination  of  the  magnetic  i>ole,  and 
more  definite  knowledge  of  the  conditionis  under  which  animal  life, 
especially  marine  life,  exists  in  high  latitudes. 
5 
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The  following  are  the  countries  co-operating  with  the  stations  occu- 
pied by  each : 

Grermany,  at  Pendulum  island,  north  Atlantic,  and  at  South  Georgian 
island  in  the  Antarctic  ocean. 

England  and  Canada,  at  Oreat  Slave  lake. 

Eussia,  at  mouth  of  the  Lena,  and  at  Mailers  bay  in  Nova  Zembla. 

Austria,  at  Jan  Mayen. 

France,  at  Gape  Horn. 

Holland,  at  Dickson  Haven,  Siberia. 

Finland,  at  Sodankyla. 

Norway,  at  Bossekop. 

Sweden,  at  Spitzbergen. 

Denmark,  at  Gk)dhaven,  Disco  island. 

United  States,  at  Lady  Franklin  bay,  and  Point  Barrow.  Alaska. 

The  station  at  Point  Barrow  is  at  the  most  northern  point  of  Alaska, 
in  latitude  71°  2V  N.,  longitude  156®  15'  W. 

The  party  consists  of  1st  Lieutenant  P.H.Bay,  8th  infantry,  one 
acting  assistant  surgeon,  three  enlisted  men  and  five  civilian  employes. 
The  expedition  sailed  from  San  Francisco  on  July  18, 1881,  and  reached 
the  station  on  September  8th,  following.  The  station  is  supplied  with 
an  abundance  of  stores,  and  everything  needful  for  the  prosecution  of 
the  work  undertaken,  provided  the  supplies  shall  be  renewed  each 
year.  / 

The  station  at  Lady  Franklin  bay  is  the  most  northern  one  in  the 
chain  of  international  posts  of  observation. 

It  is  in  latitude  N.  81°  44^  W.  64°  30^  The  party  consists  of  three 
officers  of  the  army,  one  acting  assistant  surgeon  and  naturalist,  and 
eighteen  enlisted  men,  and  is  under  the  command  of  1st  Lieutenant 
A.  W.  Greely,  Fifth  Gavalry,  Acting  Signal  Officer  and  Assistant. 

Besides  the  regular  observations  in  meteorology  and  magnetism, 
it  is  hoped  to  make  valuable  explorations  by  means  of  sledging  par- 
ties and  by  means  of  a  steam-launch  with  which  the  station  is  sup- 
plied. A  vein  of  coal  discovered  near  the  station  is  expected  to 
afford  sufficient  fuel. 

This  expedition  sailed  from  Saint  John's,  Newfoundland,  on  July  6, 
and  after  some  serious  encounters  with  ice  in  Smith's  sound  and  Ken- 
nedy channel,  during  which  the  steamer  was  several  times  caught  in 
the  pack  and  drifted  southward,  succeeded  in  forcing  a  passage  and 
in  reaching  Lady  Franklin  bay  on  August  11th,  following. 

The  station  has  supplies  for  two  years.  A  relief  expedition  has  been 
sent  this  year,  having  left  Saint  John's,  Newfoundland,  on  July  8th, 
with  men  to  replace  any  of  Lieutenant  Gi'eely's  party  who  may  have 
been  disabled,  and  with  all  needful  stores  and  supplies. 

If  this  relief  expedition  cannot  get  through  the  ice,  depots  will  be 
established,  in  pursuance  of  a  concerted  plan,  at  a  point  on  the  east 
coast  of  Grinnel  Land  and  on  Littleton  island,  where  whale-boats  and 
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provisions  will  be  securely  cacbed  for  Lieutenant  Greely  should  it 
become  necessary  for  him  to  retreat  southward  by  land. 

With  the  retmn  of  the  relief  vessels  which  have  been  sent  to  this 
station  and  to  Point  Barrow,  information  of  the  welfare  of  the  offi- 
cers and  men  and  a  full  i*eport  of  the  work  of  the  past  year  is  expected. 

The  accompanying  chart.  No.  51,  shows  the  location  of  stations 
comprising  the  international  i)olar  series. 

In  authorizing  the  Lady  Franklin  Bay  expedition,  it  was  the  inten- 
tion of  Congress  that  the  station  established  should  be  maintained  for 
three  years  at  least,  and  that  the  party  there  should  be  visited  every 
year  for  supply  and  relief.  In  his  report  accompanying  the  original 
bill,  Mr.  Whitthome,  speaking  for  the  Committee  on  Naval  Affairs  of 
the  House  of  Bepresentatives,  said : 

In  making  this  report,  the  committee  respectfully  state  and  report  that  the  object 
of  the  bill,  as  is  shown  by  its  terms,  is  to  authorize  a  temporary  station  to  be  selected 
within  the  Arctic  circle,  for  the  purpose  of  making  scientific  discoveries,  explorations, 
and  observations,  obtaining  all  possible  facts  and  knowledge  in  relation  to  the  mag- 
netic currents  of  the  earth,  the  influence  of  ice-flows  therefrom  upon  the  winds  and 
seasons,  and  upon  the  currents  of  the  ocean,  as  well  as  other  matters  incidental 
thereto,  developing  and  discovering  at  the  same  time  other  and  new  whale  fisheries, 
now  80  material  in  many  respects  to  this  country.  • 

It  is  again  the  object  of  this  bill  that  this  expedition,  having  such  scientific  observa- 
tions in  view,  shall  be  reeularly  made  for  a  series  of  years,  under  such  restrictions  of 
military  discipline  as  will  insure  regularity  and  accuracy,  and  give  the  fullest  possible 
return  for  the  necessary  expenditure ;  and  again;  in  view  of  the  fact  that  either  the 
governments  directly,  or  scientific  corps  under  their  authority,  of  Germany,  Holland, 
Norway,  Sweden,  Austria,  Denmark,  and  Russia  have  concurrently  agreed  to  estab- 
lish similar  stations,  with  like  object,  during  the  year  1880,  it  is  believed  that  the 
interests  and  policy  of  our  people  concur  in  demanding  that  the  United  States  should 
co-operate  in  the  grand  effort  to  be  thus  made  for  the  solution  of  the  mysteries  and 
secrets  of  the  north  polar  seas,  upon  which,  in  the  opinion  of  scientists,  depends  so 
much  that  afiects  the  health  and  wealth  of  the  human  race. 

By  a  ^'  temporary  "  station,  it  will  be  seen,  was  meant  one  to  continue 
for  a  series  of  years.  It  was  to  be  ^'  temporary  "  in  the  sense  of  not 
being  i)ermanent  as  the  regular  stations  of  the  service  are.  The  inten- 
tion was  to  send  to  the  Arctic  regions  a  body  of  intelligent  and  hardy 
men  who  should  represent  the  United  States  in  the  work  of  interna- 
tional i>olar  observations.  Mr.  Whitthome  further  stated  in  his  report 
that  '^the  permanent  stations  should  be  furnished  with  provisions  and 
other  necessary  supplies  for  three  years.  An  annual  visit  should  be 
made  to  the  station  to  carry  fresh  food  and  supplies ;  to  keep  the  mem- 
bers informed  of  events  occurring  in  the  outside  world ;  and  bear  them 
news  and  letters  from  anxious  relatives ;  to  bring  back  news  of  pro- 
gres.s  made  and  of  a  private  character  to  friends;  also,  if  necessary,  to 
bring  back  invalid  members  of  the  expedition  and  carry  out  fresh 
observers  to  take  their  places." 

The  report  was  followed  by  the  passage  of  tlie  act  of  May  1, 1880, 
authorizing  the  expedition  to  Lady  Franklin  bay.  That  act  provided 
for  the  establishment  of  the  station  now  at  Lady  Franklin  bay. 
Lieutenant  Greely  was  directed  by  the  General  of  the  Army  (General 
Orders  No.  35,  Adjutant  General's  OflBce,  April  12,  1881,)  to  take  com- 
mand of  the  expedition  authorized  by  the  act  of  March  3, 1881.    That 
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act,  as  stated  in  the  order  referred  to,  provided  for  <<  observation  and 
exploration  in  the  Arctic  sea;  for  continninf^  the  work  of  scientific 
observations  and  explorations  on  or  near  the  shores  of  Lady  Franklin 
bay,  and  for  transi)ortation4of  men  and  supplies  to  said  location,  and 
return."  • 

During  the  first  session  of  the  47th  Congress  an  act  was  passed 
(act  of  June  27th,  1882,)  appropriating  833,000  for  the  supply  and 
relief  of  Lieutenant  Oreely  and  party.  This  timely  action  enabled  the 
supply  expeditions  for  Lady  Franklin  bay  and  Poitit  Barrow  to  sail  at 
the  time  of  the  year  when  these  remote  stations  could  be  reached. 
Similar  action  will  be  necessary  during  the  coming  year  for  the  carry- 
ing out  of  the  intention  of  the  law  establishing  the  Lady  Franklin  bay 
station. 

The  Point  Barrow  station,  being  on  our  own  territory,  was  estab- 
lished under  the  general  power  of  the  Chief  Signal  Officer  to  estab- 
lish stations  in  this  country. 

STUDY  ROOM  DIVISION. 

The  general  organization  of  this  division  has  remained  as  described 
in  my  last  report.    Two  sections  are  recognized : 

1.  That  of  consulting  specialists.  These  are  not  regularly  employed 
by  the  office,  but  are  consulted  from  time  to  time  for  advice  in  refer- 
ence to  important  questions. 

2.  The  Study  Boom,  consisting  of  professors  and  computers  regu- 
larly employed. 

Consulting  specialistH. 

The  office  has  to  acknowledge  the  courtesy  of  the  following  sci- 
entists, who  have  responded  to  requests  for  information  upon  their 
respective  subjects : 

Professor  S.  P.  Langley,  investigation  into  the  quantity  of  solar 
heat. 

Professor  John  Trowbridge,  influence  of  terrestrial  magnetism  on 
clock  rates. 

Professor  Henry  Rowland,  influence  of  terrestrial  magnetism  on 
clock  rates. 

Dr.  Leonard  Waldo,  construction  of  standard  thermometers. 

Mr.  C.  A.  Schott,  on  the  construction  and  instmction  in  the  use  of 
magnetic  apparatus. 

Professor  J.  E.  Hilgard,  rate  of  expansion  of  steel  bars. 

Professor  Arthur  Wright,  standard  barometer;  mercury  distilling 
apparatus. 

Study  room. 

This  room  has  continued  to  be  in  charge  of  Professor  Cleveland 
Abbe,  who  has  been  allowed  the  same  number  of  assistants  as 
enumerated  in  my  last  report,  namely:  One  clerk  (Private  T.  E. 
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Long)  and  three  computers  (Messrs.  Winslow'  Upton,  H.  A.  Hazen,  and 
Fi-auk  Waldo).  The  work  assigned  to  this  room  is  enumerated  in  the 
following  paragraphs: 

Standard  instruments. 

The  subject  oi'  standards  to  be  adopted  by  the  office  as  a  uniform 
basis  of  reference  for  past  and  future  work  has  received  special 
attention. 

1.  Thermometers  have  been  ordered  from  the  best  mdkers,  as  also 
the  apparatus  for  comparisons.  Special  attention  is  being  paid  to  the 
subject  of  standards  for  low  temperatures. 

2.  In  respect  to  a  standard  barometer,  experimental  work  is  still 
going  on  under  the  supervision  of  Prof.  Arthur  Wright.  The  sub- 
standards,  for  comparative  purposes,  have  been  ordered  of  Prof.  H. 
Wild. 

3.  With  reference  to  the  standaid  of  anemometry,  apparatus  has 
been  ordered  of  Hagemann,  and  other  has  been  designed  preparatory 
to  a  comparison  of  methods  of  determining  wind  force  at  the  highest 
velocities  experienced  at  Mount  Washington  and  Cape  Hatteras. 

4.  ^ith  reference  to  a  hygrometric  standard,  specimens  have  beeq 
ordered  of  the  various  improved  forms  of  apparatus  devised  by  Alluard, 
Edelmau,  Schwackhofer,  Goldschmid,  and  others,  and  comparative 
observations  will  be  instituted  during  the  next  year.  An  important 
change  has  been  made  in  the  Signal  Service  psychrometers  by  the 
substitution  of  thin  muslin  for  the  thick  wicking  hitherto  employed. 

6.  With  reference  to  evaporation,  no  apparatus  has  as  yet  been 
selected  for  daily  use,  owing  to  the  diversity  of  opinion  as  to  what 
eonstitutes  the  standard,  but  samples  of  the  Piche  evaporometer  have 
been  ordered  and  an  investigation  of  the  subject  is  in  contemplation. 

7.  With  reference  to  solar  radiation,  the  apparatus  mentioned  in  my 
report  of  last  year  as  having  been  ordered  for  use  at  twenty  stations 
has  been  received,  but  the  decision  as  to  what  should  be  adopted  as 
the  standard  has  been  allowed  to  wait  until  we  know  the  results  of 
Professor  Langley's  experience  on  Mount  Whitney. 

8.  In  order  that  we  may  have  the  means  of  determining  at  any 
moment  the  errors  of  the  clocks  at  signal  stations,  and  of  securing  the 
absolute  simultaneity  required  in  the  observations  about  to  be  taken 
of  atmospheric  electricity,  and  other  subjects  requiring  equally  precise 
agreement  in  the  matter  of  the  time,  I  have  ordered  a  standard  clock 
of  the  highest  accuracy,  the  completion  of  which  is  looked  forward  to 
with  much  interest.  In  this  connection,  I  have  to  acknowledge  the 
courtesy  of  Prof.  J.  E.  Hilgard,  who  has  kindly  made  a  determination 
of  the  co-efficient  of  expansion  of  the  pendulum  rod. 

9.  In  order  to  jirovide  the  purest  iwssible  mercury  for  use  in  barom- 
eters, thermometers,  &c.,  one  of  Professor  Wiight's  automatic  dis- 
tilling apparatus  has  been  ordered,  and  works  very  successfully. 
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Tables. 

Tables  for  the  correction  of  barometric  observations  for  instrumental 
errors  due  to  temperature,  &c.,  have  remained  in  use  as  before,  without 
change,  but  the  question  is  under  consideration  whether  or  not  to 
adopt  the  correction  for  force  of  gravity,  reducing  all  measures  to  the 
standard  latitude  45°. 

The  new  tables  for  derivation  of  dew-points  from  the  psychrometer 
observations  went  into  effect  July  1,1881;  several  extensions  have 
been  made  so  as  to  include  reported  cases  of  remarkably  dry  air,  other- 
wise the  tables  remain  unchanged,  and,  although  bulky,  are  yet  aR 
convenient  as  can  be  made  consistently  with  accuracy. 

Altitude  of  stations. 

A  revision  of  the  altitudes  of  Signal  Service  stations  wa«  essentially 
completed  in  December,  1881,  but  as  changes  continually  occur  at  the 
stations,  this  work  is  always  kept  in  hand.  The  present  condition  of 
our  knowledge  of  the  altitudes  of  the  Signal  Service  barometers  is 
given  in  the  accompanying  appendix.  No.  63 — which  also  gives  the  lati- 
tudes and  longitudes  of  the  towns  in  which  the  stations  are  located. 
In  this  latter  work,  the  map  published  by  the  Engineers'  Department^ 
1879,  has  been  adopted  as  the  standard  for  the  regions  covered  by  it. 
The  altitudes  depend,  when  possible,  on  railroad  and  canal  levels,  and 
it  is  hoped  that  the  definitive  values  of  the  altitudes  of  the  local  refer- 
ence planes  will  eventually  be  furnished  by  the  Superintendent^  of  the 
Coast  and  Greodetic  Survey.  Nothing  additional  has  been  done  in  the 
determination  of  the  altitudes  of  the  stations  of  voluntary  observers. 
The  altitudes  of  Signal  Service  river  gauges  have  also  been  deter- 
mined. 

BMuction  of  the  barometer  to  nea-Uvel. 

The  computation  of  monthly  constants  for  reduction  to  sea-level  by 
the  use  of  the  best  altitudes  and  other  data  that  were  then  available  was 
finished  in  December,  and  the  adopted  constants  went  into  use  on  the 
first  of  January .  The  revision  of  these  constants  as  required  by  changes 
in  altitude  or  other  data  is  constantly  kept  in  hanfl.  A  detailed 
description  of  the  method  adopted  in  the  computation  of  these  con- 
stants in  execution  of  the  recommendation  of  the  board  will  be  found 
in  appendix  No.  61,  with  the  constants  used  at  each  station. 

Atmospheric  electricity. 

On  account  of  the  delicate  manipulation  and  special  knowledge 
required  in  order  to  conduct  observations  of  atmospheric  electricity,  it 
has  not  hitherto  seemed  practicable  to  engage  in  this  class  of  work  at 
Signal  Service  stations,  but  having  received  assurance  of  the  hearty 
co-operation  of  tbe  professional  electricians  at  the  schools  of  science, 
one  set  of  the  necessary  apparatus  has  been  ordered,   and  will  be 
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established  and  y^orked  under  the  care  of  one  of  oor  consulting 
specialists  at  one  of  the  physical  laboratories. 

Prime  meridians. 

The  adoption  of  one  uniform  time  in  all  the  records  of  this  office 
will,  it  is  conceived,  facilitate  some  branches  of  work,  but  on  account 
of  the  wide-spread  interest  expressed  in  this  matter,  especially  by  the 
Post  Office  Department  and  the  railroad  and  telegraph  service,  and  on 
account  of  some  desire  that  any  action  taken  by  tliis  office  should 
harmonize  with  that  taken  by  other  governments  throughout  the 
world,  I  have  deferred  action  on  this  subject  and  have  concurred  in 
the  very  general  request  that  an  international  convention  might  be 
held  to  considerthe  subject.  If  the  act  of  Congress  recently  approved 
by  the  President  shall  lead  to  a  greater  uniformity  in  the  reckoning  of 
longitude  and  time,  it  will  undoubtedly  be  a  boon  to  the  civilized 
world  and  to  science  as  great  as  the  introduction  of  uniform  standards 
of  measures,  of  money,  &c.  The  views  presented  by  me  in  my  last 
annual  report  were  forwarded  through  Captain  Geo.  M.  Wheeler,  of  the 
Engineer  Corps,  to  the  International  Geographical  Congress  at  Venice, 
which  body  recommended  the  calling  of  an  international  congress  as 
above. 

Library. 

The  science  of  meteorology  is  so  intimat-ely  connected  with  other 
physical  sciences  that  the  collection  of  a  comprehensive  scientific 
)ibrar>',  airanged  for  convenient  reference,  is  absolutely  indisi>ensable 
to  the  proper  conduct  of  the  work  of  this  office. 

Since  the  dat^  of  my  last  report  one  thousand  eight  hundred  and 
twenty-seven  volumes  have  been  added  to  the  office  library,  which 
now  contains  six  thousand  five  hundred  and  seventy-nine  bound  vol- 
umes. Among  the  recent  additions  are  many  valuable  mathematical 
works  and  special  treatises  on  subjects  connected  with  the  more  purely 
scientific  work  of  the  office. 

Many  foreign  publications,  both  of  societies  and  individuals,  have 
been  received  as  gills  or  in  courteous  exchange  for  our  publications. 
Steps  have  been  taken  toward  securing  complete  series  of  the  meteoro- 
lo^cal  observations  of  all  countries,  and  our  library  now  contains  a 
very  choice  collection  which  is  constantly  being  enriched  by  further 
additions. 

The  books  have  been  completely  rearranged  on  the  basis  of  a  sub- 
ject classification  and  are  now  in  as  satisfactory  order  as  is  attainable 
with  the  preseni;  accommodations.  In  connection  with  the  extension 
of  the  library  it  has  been  found  necessary  to  proceed  at  once  to  the 
preparation  of  a  fiill  and  systematic  catalogue.  The  form  adopted  is 
that  known  as  the  ^'dictionary  catalogue."  authors  and  subjects  in 
one  alphabet.    Good  progress  on  the  preliminary  card  catalogue  has 


72  REPORT   OF   THE    CHIEF   SIGNAL   OFFICER. 

already  been  made,  and  during  the  coming  year  the  work  will  be  com- 
pleted. 

Bibliographtf. 

Beside  the  complete  catalogue  and  index  to  the  scientific  library  of 
this  office,  great  need  is  felt  of  a  general  index  to  the  bibliography  of 
meteorology.  I  haVe  accordingly  made  arrangements  to  secure  a  com- 
plete copy  of  the  card  catalogue  compiled  by  Mr.  6.  L.  Symons,  of 
London,  M.  Teisserenc  dn  Bort  and  Professor  Poey,  of  Paris,  which, 
combined  with  those  already  in  possession  of  this  office,  will  constitute 
a  very  important  contribution  to  this  subject. 

Professional  Papers. 

In  order  to  diminish  the  bulk  of  the  appendices  to  the  annual  report 
and  to  provide  a  prox>er  mode  of  publishing  the  results  of  special 
work  performed  by  this  office  in  execution  of  the  orders  and  the  laws 
of  Congress.  I  have  inaugurated  the  publication  of  a  quarto  series  to 
be  styled  "Professional  Papers  of  .the  Signal  Service."  The  first  four 
papers  of  this  series,  mentioned  in  my  last  annual  report*as  having 
been  ordered,  have  already  appeared,  as  also  the  following  additional 
ones : 

ISo.  V. — "  Information  relative  to  fhe  construction  and  maintenance 
of  time  balls,"  by  Mr.  Winslow  Upton. 

No.  VI.—  "  The  reduction  of  air  pressure  to  sea4evel  at  elevated  sta- 
tions west  of  the  Mississippi  river,"  by  H.  A.  Hazen,  A.  M. 

The  following  have  been  ordered  to  be  published: 

No.  VII.— ''The  character  of  six  hundred  tornadoes,"  by  John  P, 
Finley,  Sergeant,  Signal  Corps,  U.  S.  A. 

No.  VIII. — ''Becent  mathematical  papers  concerning  the  motions 
of  the  atmosphere :  Part  I.  The  motions  of  fluids  and  solids  on  the 
earth's  surface,"  by  Prof.  William  Ferrel,  reprinted,  with  notes  by  Mr. 
Frank  Waldo. 

No.  IX. — ''  Charts  and  tables  showing  the  geographical  distribution 
of  rainfall  in  the  United  States,"  by  1st  Lieutenant  H.  H.  C.  Dun- 
woody,  4th   Artillery,  Acting  Signal  Officer  and  Assistant. 

No,  X. — '*  Signal  Service  tables  of  rainfall  and  temperature  com- 
pared with  crop  production,"  by  Ist  Lieutenant  H.  H.  C.  Dunwoody, 
4th  Artillery,  Acting  Signal  Officer  and  Assistant. 

Signal  Service  Notes. 

In  addition  to  the  publications  referred  to  above  as  *' Professional 
Papers,"  I  have  authorized  the  publication  of  a  second  series  of 
papers,  to  be  known  as  "  Signal  Service  Notes,"  which  are  designed 
to  contain  results  of  such  special  work  or  investigation  by  the  officers 
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and  enlisted  men  of  the  Sig-nal  Service  as  may  prove  of  general 
interest.    The  following  Signal  Service  Notes  have  been  i)ublishe(l: 

No.  1.  Keport  on  Michigan  Forest  Fires  of  1881,  by  William  O. 
Bailey,  Sergeant  Signal  Corps,  United  States  Army. 

No.  2.  Memoirs  on  tfie  Use  of  Homing  Pigeons  for  Military  Pur- 
poses, by  1st  Lieutenant  William  E.  Birkhimer,  3d  Artillery,  Acting 
Signal  OfScer  (see  appendix  No.  75). 

Lectures  at  Fort  Myer. 

Ovfing  to  the  proficiency  in  mathematical  and  physical  studies  of  the 
class  under  instruction  at  Fort  Myer,  it  was  desirable  to  provide  a 
course  of  instruction  proper  to  fit  the  members  to  attain  a  high  grade 
of  usefulness  in  meteorology  in  addition  to  their  regular  duties  as  Sig- 
nal Service  observers.  In  the  absence  of  any  expert  meteorologist  in 
the  corps  of  instructors  at  Port  Myer,  and  as  a  preliminary  exx)eri- 
ment,  I  have  ordered  a  course  of  lectures  to  be  delivered  by  each  of  the 
civilian  members  of  the  study  room,  to  which  were  added  a  few  by  the 
commissioned  officers.  About  one  hundred  such  lectures  were  given 
by  the  members  of  the  stndy  room,  abstracts  of  which  are  herewith 
appended  (see  appendices  3,  4,  5,  G  and  7). 

Meteorological  instruction,  text  hook,  and  essays. 

The  necessity  for  special  investigations  of  the  numerous  questions 
that  continually  recur  in  connection  with  the  duties  of  this  office,  and 
especially  those  relating  to  the  laws  of  climate,  etc.,  seems  to  far  sur- 
pass the  working  powers  of  the  present  limited  force  of  this  office, 
whose  time  is  largely  preoccupied  by  an  imperative  daily  routine.  I 
therefore  hope  for  your  approval  of  some  plan  by  which  those  scientists 
and  younger  students  not  engaged  in  the  service  may  be  stimulated 
to  devote  their  talents  to  meteorology.  The  establishment  in  our  sci- 
entific schools  of  chairs  or  professorships  devoted  to  this  subject  is  a 
step  very  much  to  be  desired.  The  study  of  meteorology  and  weather 
predictions  is  certainly  of  as  great  practical  importance  as  that  of 
astronomy,  geology,  or  any  other  science.  Perhaps  the  inherent  diffi- 
culty of  the  study  when  conducted  on  a  thorough  basis  should  the  more 
heartily  commend  it  to  the  attention  of  our  highest  universities.  I 
*  see  no  reason  why  the  mathematical  theory  involved  should  not  receive 
some  slight  attention  in  the  course  of  instruction  at  West  Point. 

I  have  taken  steps  to  secure  the  preparation  of  a  suitable  text  book 
on  this  subject,  which  work  will  be  entrusted  jmncipall^'  to  Professors 
William  Ferrel  and  Cleveland  Abbe,  who  will  also  derive  assistance 
from  the  worki?  of  those  Europeans  who  have  devoted  themselves  to 
the  mathematical  theory,  especially  Messrs.  Sprung  of  Hamburg,  and 
Guldberg  of  Christiania.  The  admirable  essays  that  have  appeared 
in  the  new  edition  of  the  Encyclopsedia  Brittanica  have  attracted  my 
attention,  and  negotiations  are  in  progress  looking  to  the  providing 
special  copies  of  these  for  the  use  of  the  Signal  Service. 
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As  an  additional  means  of  drawing  out  the  meteorological  talent  of 
the  country,  I  shall  be  pleased,  with  your  permission,  to  oflFer  rewards 
to  the  authors  of  essays  upon  selected  subjects,  such  as  were  submit- 
ted to  your  consideration  in  my  last  annual  report  (see  appendices  71 
and  72  of  that  report). 

In  order  that  the  service  may  avail  itself  of  the  latest  improvement 
in  physical  research,  I  have  addressed  letters  to  the  more  prominent 
scientific  schools,  asking  on  what  conditions  the  members  of  the  Sig- 
nal Corps  may  attend  lectures  and  laboratory  priactice.  The  heart^^ 
response  and  cordial  co-operation  already  manifested  give  me  reason 
to  hope  that  it  will  become  possible  for  members  of  the  Signal  Service 
near  such  schools  to  more  thoroughly  fit  themselves  for  independent 
research.  The  success  of  this  plan  of  special  studies  will,  it  is  believed, 
stimulate  the  progress  of  meteorology  in  this  country. 

For  a  list  of  colleges  and  scientific  schools  located  near  Signal  Ser- 
vice stations  see  appendix  No.  64. 

It  gives  me  pleasure  to  add  that  popular  lectures  on  meteorology 
and  the  work  of  the  Signal  Service  have  been  delivered  during  the 
year  by  Prof.  H.  A.  Compton,  of  New  York  City,  Prof.  William 
H.  Niles,  of  Cambridge,  Massachusetts,  Prof.  A.  S.  Bickmore,  of 
New  York  City,  and  regular  instruction  of  an  elementary  character 
is  regularly  given  by  Prof.  William  M.  Davis,  of  Harvard,  and 
by  Prof.  M.  Harrington,  at  the  Martha's  Vineyard  summer  school 
of  science. 

Danger  line  on  rivers. 

In  order  to  properly  issue  the  flood  warnings  required  of  this  oflice 
by  act  of  Congress,  considerable  attention  has  been  given  to  the  collec- 
tion of  data  relative  to  so-called  ^^  danger  lines,"  and  the  manuscript 
for  a  new  edition  of  a  pamphlet  on  this  subject  is  nearly  ready.  A 
special  collation  of  reports  on  the  flood  of  the  Mississippi  river  in  the 
spring  of  1882  has  been  made  for  the  use  of  the  officers  in  the  Indica- 
tion Eoom,  and  is  herewith  appended,  as  bearing  upon  a  subject  of 
general  interest  (see  appendix  No.  67). 

Much  attention  has  also  been  given  to  the  determination  of  the 
altitudes  of  the  zeros  of  the  river  gauges  adopted  in  our  river  reports. 

It  is  proper  for  me  to  call  your  attention  to  the  fact  that  the  act 
appointing  the  Mississippi  Biver  Commission  does  not  appear  in  any 
w^y  to  have  abrogated  the  duty  of  making  river  reports  and  flood 
warnings  imposed  upon  this  office  annually  since  1872,  and  the  work 
that  I  am  engaged  in  has  always  been  performed  in  entire  harmony 
with  that  commission. 

International  polar  observations. 

During  the  past  year,  as  during  the  previous,  the  special  instruction 
and  outfit  for  scientific  observations  of  the  Signal  Service  parties 
established  at  the  international  polar  stations  at  Lady  Fnmklin  bay 
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and  Point  Barrow  have  been  entrusted  to  the  study  room.  During 
the  past  spring  parties  have  been  despatched  to  these  two  stations  for 
the  purpose  of  supplying  them  with  additional  apparatus  and  other 
supplies,  as  well  as  observers  to  relieve  those  whom  it  may  be  neqes- 
sary  to  send  home.  It  is  important  to  continue  these  observations  to 
the  full  period  of  at  least  three  years  from  the  time  of  their  beginning, 
as  the  results  will  undoubtedly  be  of  great  value  in  the  study  of  Amer- 
ican meteorology.  The  scientific  outfit  of  these  parties  is  enumerated 
in  a^*pendix  No.  65. 

The  special  instruction  of  Privates  Maxfield  and  Palmarts  wiis  com- 
mitted to  the  study  room  and  the  Superintendent  of  the  Coast  and 
Geodetic  Survey. 

In  a  portion  of  the  scientific  work  to  be  done  at  these  stations,  the 
Coast  and  G^eodetic  Survey  has  a^s  deep  an  interest  as  has  the  Signal 
Service.  I  am  therefore  pleased  to  state  that  that  office  ha«  defrayed 
its  share  of  the  expenses  of  this  international  work,  having  tnkeu 
esi)ecial  charge  of  the  magnetic,  the  pendulum,  and  the  tidal  work. 
The  survey  has  further  shown  its  appreciation  of  the  importance  of  this 
matter  by  establishing  at  our  joint  expense  a  cx)mplete  magnetic  ap- 
paratus, registering  by  photography,  at  San  Diego,  California.  The 
three  United  States  stations,  therefore,  form  the  apexes  of  a  triangle, 
whose  sides  are  between  two  and  three  thousand  miles  long.  The 
observations  will  at  all  the  stations  be  timed  by  one  standard,  so 
that  the  exact  simultaneity  of  the  phenomena  of  magnetism,  aurora, 
meteorology,  and  sun  spots  will  at  last  be  thoroughly  tested. 

The  original  expeditions  of  last  year,  as  well  as  the  relief  expedi- 
tions of  this,  have  afforded  opportunity  to  determine  the  longitude  of 
Point  Barrow,  and  to  make  complete  meteorological  observatiotis  at  sea. 

Bain  bands  and  spectroscopy. 

During  the  past  few  years  the  attention  of  meteorologists  has  been, 
especially  by  Smyth  and  Lockyer,  directed  to  the  fact  that  the  spec- 
troscope offers  us  a  method  of  approximately  determining  the  amount 
of  moisture  in  the  atmosphere  above  us.  In  1877,  two  of  Hilger's  rain- 
band  spectroscopes  were  purchased,  and  a  short  series  of  unsatisf actor j- 
observations  was  made;  but  interest  in  this  subject  has  been  revived 
during  the  past  year  by  the  receipt  of  a  special  piece  of  apparatus 
ordered  by  my  predecessor  in  1878,  and  made  under  th%  special  direc- 
tion of  Professor  Lockyer.  Observations  with  this  apparatus  and  th^ 
ordinary  spectroscope  will  be  made  regularly  during  the  coming  year. 

Observations  in  balloons. 

It  has  long  been  recognized  as  a  matter  of  the  highest  importance 
to  meteorology  that  the  balloon  should  be  utilized  for  the  purpose  of 
investigating  those  regions  of  the  atmosphere  that  can  not  be  other- 
wise reached.     Aerial  expeditions  have  been  repeatedly  made  by 
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European  investigators,  and  this  country  possesses  in  Prof.  S.  A.  King 
a  most  acomplished  and  enthusiastic  aeronaut,  who  has  repeatedly 
signij&ed  his  desire  to  utilize  his  art  for  the  benefit  of  meteorology. 
I  therefore  committed  to  the  study  room  the  task  of  conducting  the 
necessary  observations  on  a  voyage  proposed  to  be  made  by  Professor 
King,  eastward  from  Minneapolis,  on  or  about  September  7, 1881.  After 
an  elaborate  system  of  observations  had  been  devised,  Mr.  Winslow 
Upton,  computer  in  this  office,  proceeded  to  that  city  and  started 
with  Professor  King.  An  abstract  of  his  report  is  appended  hereto  (see 
appendix  No.  66),  from  which  it  will  be  seen  that  although  unfavorable 
weather  made  the  aerial  voyage  a  faihu:e,  yet  interesting  results 
were  realized. 

The  thanks  of  the  office  are  especially  due  to  Prof.  T.  E.  Edison,  for 
his  kindness  in  providing  a  portable  dectric  light,  by  means  of  which 
it  was  hoped  to  take  observations  at  night  without  in  the  least  incur- 
ring the  dahger  of  an  explosion  of  the  hydrogen  gas  with  which  the 
balloon  was  filled. 

On  the  completion  of  this  voyage  Professor  King  made  provision  for  a 
second,  to  start  from  Chicago.  Appendix  No.  67  is  a  report  of  Private 
J.  6.  Hashageu,  Signal  Corps,  who  accompanied  Professor  King  on  this 
voyage,  October  13th  and  14th,  1881. 

It  is  probable  that  by  use  of  the  captive  balloon  observations  of 
temperature  may  be  secured  without  the  expense  attendant  on  an 
extensive  voyage,  and  by  the  use  of  the  smallest  kinS  of  free  balloons 
much  may  be  learned  in  reference  to  direction  and  velocity  of  the 
upper  air  currents.  Both  of  these  applications  of  the  balloon  fall  far 
short  of  the  interest  that  attaches  to  a  personal  voyage  over  the  land 
or  ocean.  The  boldness  of  the  project,  explained  at  length  in  the 
accompanying  appendix,  N^o.  89,  is  equaled  only  by  the  confidence  that 
we  have  been  taught  to  place  in  the  acknowledged  skill  of  its  enthu- 
siastic proposer. 

The  use  of  the  balloon  in  military  signaling  is  another  branch  of 
this  subject  which  I  also  desire  to  take  up  as  soon  as  practicable. 

Solar  radiation. 

As  mentioned  in  my  last  report,  an  expedition  to  the  summit  of 
Mount  Whitney,  by  Prof.  S.  P.  Langley,  for  the  purpose  of  deter- 
mining, more  mccurately  than  is  as  yet  known,  the  nature  and  amount 
of  the  selective  absorption  exerted  by  the  atmosphere  upon  the  solar 
rays  has,  with  your  permission,  been  furthered  by  all  the  means  at  my 
disposal,  as  this  is  to  be  considered  the  fundamental  que:stion  in 
meteorology.  Besides  Pi'ofessor  Langley  and  four  civilian  assistants, 
there  were  detailed  to  accompany  him,  Captain  O.  E.  Michaelis,  of  the 
Ordnance  Corps,  Sergeant  A.  C.  Dobbins  and  Private  John  J.  Nanry, 
of  the  Signal  Corps,  and  a  military  escort  of  six  soldiers  from  the 
Division  of  the  Pacific.    Since  the  return  of  the  exi>edition  two  pri- 
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vates  of  the  Signal  Corps  have  assisted  in  the  clerical  woik  incident 
to  the  preparation  of  a  full  report.  An  abstract  of  Professor  Laug- 
lej's  report  is  appended  herewith  (see  appendix  No.  C9),  from  which  ifc 
will  be  seen  that  he  has  determined  the  total  amount  of  heat  received 
from  the  sun  to  be  from  2.8  to  3.0  calories  per  minute  per  square  cen- 
timeter, which  figures  agree  closely  with  those  of  Forbes,  1842,  and 
show  that  the  figures  hitherto  adopted  on  the  strength  of  tho 
observations  of  Pouillet  have  been  nearly  fifty  per  cent,  too  small. 
Whether  this  absorption  is  due  to  aqueous  vapor,  as  maintained  by 
Tyndall,  or  to  carbonic  acid  gas,  or  to  the  dry  air,  as  maintained  by 
others,  is  a  matter  of  such  importance  to  meteorology'  that  it  must 
demand  further  investigations,  and  to  such  work  the  bolometer 
invented  by  Professor  Langley  seems  well  adapted. 

MiUtury  reservation  on  Mount  Whitney. 

The  extreme  value  of  retaining,  'for  the  use  of  the  service  in  its 
future  investigations,  so  desirable  a  location  as  Mount  Whitney  has 
induced  me  to  concur  in  the  recommendation  of  Professor  Langley 
looking  to  the  temporary  retention  of  a  military  reservation  including 
that  site,  and  the  necessary  surveys  have  been  ordered.  It  is  to  be 
hoped  that  this  may  be  the  first  step  toward  the  erection  of  an  obser- 
vatory on  this  mountain  for  the  study  of  solar  physics,  in  charge,  if 
possible,  of  Professor  Langley  himself. 

Miscellaneous  information  compiled  in  the  study  room. 

In  reply  to  inquiries  from  the  officers  and  coiTespondents  of  this 
office,  the  following  papers  have  been  prepared  in  the  study  room. 

(a.)  List  of  ways  in  which  the  work  of  the  Signal  Office  is  known  to 
have  been  made  useful  to  the  public,  for  the  use  of  Professor  Charles 
H.  Wing,  of  Boston  (see  appendix  No.  70). 

(b.)  List  of  the  evidences  of  strength  of  wind  in  tornadoes,  for  the 
editors  of  the  "American  Architect  and  Building  News"  (see  appen- 
dix No.  71). 

(c.)  List  of  persons  and  institutions  designated  sm  recipients  of 
Signal  Service  publications,  especially  professional  papers. 

(d.)  List  of  scientific  books  proper  to  be  purchased  for  the  library. 

(a.)  Translations  from  the  Grcrman  and  French  of  the  Instructions  to 
International  Polar  Stations. 

(/.)  A  collection  of  extracts  relating  to  electricity  on  Pike's  Peak, 
for  the  use  of  the  editor  of  "  Nature,"  London,  England  (see  appen- 
dix No.  72). 

Local  time  balls. 

In  continuation  of  the  policy  of  my  predecessor,  tho  office  continues 
to  co-operate  with  the  local  time  services  throughout  the  country  in  the 
distribution  of  standard  time  by  means  of  time-balls.  Such  co  opera- 
tion is  now  in  force  in  the  cities  of  Boston,  Cincinnati,  St.  Paul,  and 
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St.  Louis.  As  the  work  involves  the  ofSce  in  no  appreciable  expense, 
and  is  undertaken  at  the  request  of  the  respective  localities,  and  is 
entirely  in  harmony  with  the  other  duties  of  the  office,  I  have  felt  at 
liberty  to  accede  to  various  requestiS  for  further  co-operation  at  places 
where  the  erection  of  time-balls  is  in  prospect. 

Forestry, 

The  intimate  dependence  of  forestry  and  agriculture  upon  meteorol- 
ogy rendered  proper  that  the  Signal  Office  should  be  represented  in 
the  American  Forestry  Convention  held  in  Cincinnati  in  April,  188:3, 
wjiich  was  presided  over  by  honorable  Greorge  B.  Loring,  Commis- 
sioner of  Agriculture.  At  this  meeting,  steps  were  taken  to  form  a  i>er- 
manent  organization.  A  paper,  by  Professor  Abbe,  on  the  subject  of 
the  relation  between  climate  and  the  annual  growth  of  trees^  partially 
prepared  for  delivery  at  this  meeting,  wiD,  perhaps,  give  us  some  gen- 
eral idea,  based  on  annual  rings  of  tree  growth,  of  the  climate  that 
must  have  existed  in  past  centuries. 

Earth  temperaturcH, 

It  seems  to  have  been  shown  that  the  temperatures  of  the  earth 
within  a  few  feet  of  its  surface  have  considerable  importance  both  to 
the  meteorolgist  and  the  agriculturist.  Thus  Poisson,  Smj'th  and 
others  have  shown  that  temperatures  at  great  depths  are  an  index  of 
the  secular  changes  in  solar  radiation  and  terrestrial  weather;  Bous- 
singault  and  others  show  the  temperatures  at  moderate  depths  to  con- 
tribute to  determine  the  character  of  the  vegetation;  Abbe  and  others 
have  shown  how  from  the  temperatures  of  slight  depths  we  can  predict 
the  hatching  of  the  eggs  of  insect  pests,  such  as  locusts  and  others  in 
the  ground.  I  have  therefore  taken  steps  to  make  a  selection  of 
proper  localities  and  to  conduct  the  necessary  observations  which  are, 
in  fact,  also  considered  by  European  weather  sei'vices  as  a  portion  of 
their  proper  work. 

Flood  warnings. 

The  general  system  of  .river  report^  and  predictions  that  has  been 
conducted  by  this  office  for  the  past  ten  years  has  led  to  a  request  in 
certain  quarters  for  the  organization  of  a  more  detailed  system.  The 
preliminary  plans  for  this  work,  prepared  in  the  study  room  after 
the  model  of  that  adopted  by  the  Iron,  Coal  and  Manufacturing  Asso- 
ciation of  Chattanooga,  were  committed  to  Lieutenant  Birkhimer  lor 
execution,  and  will,  it  is  hoped,  prove  acceptable  to  the  community. 

Co-operation  tcith  astronomers. 

The  great  convenience  to  the  astronomer  that  lesults  fioni  our  abiU 
ity  to  predict  clear  weather,  lavorable  for  his  observations,  has  led  me 
to  respond  favorably  to  a  i^equest  for  such  daily  predictions  for  the  use 
of  Prof.  Asaph  Hall,  of  the  United  States  ISaval  Observatory.     I 
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have  also  agreed  upon  a  plan  of  co-operation  with  Prof.  E.  C.  Pick- 
ering, Director  of  Harvard  College  Observatory,  by  which  notice  is 
sent  him,  when  requested,  of  the  occurrence  of  clear  weather  favorable 
to  observations  at  certain  observatories. 

Numerous  applications  for  information  have  been  received  relative 
to  the  chance  of  clear  weather  on  the  important  occasion  of  the  ap- 
proaching transit  of  Venus,  December  7, 1882,  and  considerable  labor 
has  been  expended  in  the  stations  division  in  order  to  fully  respond 
to  the  desires  of  astronomers. 

The  star  charts  supplied  to  Signal  Service  observers  for  observa 
tions  of  the  aurora  have  also  been  freely  supplied  to  astronomers  inter- 
ested in  the  observation  of  meteors  and  tails  of  comets  and  the  zodi- 
acal light,  some  of  whom  make  monthly  returns  for  the  use  of  the 
Weather  Eeview. 

Hourly  observations  at  high  statiom. 

An  examination  of  the  hourly  observations  made  on  Mount  Wash- 
ington and  Pike's  Peak  has  been  made,  and  a  number  of  corrections  . 
introduced,  after  which  the  hourly  averages  have  been  computed  by 
Mr.  H.  A.  Hazen,  and  the  results  are  given  in  appendix  No.  73. 

METEOROLOGICAL  PHENOMENA  IN  ALASKA. 

For  the  information  of  those  especially  interested  in  the  climatology, 
geography,  and  other  features  peculiar  to  Alaska  territory,  the  follow- 
ing summary  of  report  (now  in  course  of  preparation)  of  observations 
made  by  the  Signal  Service  observer,  Ptivate  E.  W.  Nelson,  at  St. 
Michael's,  Norton  Sound,  Alaska,  is  presented: 

Meteorology. 

^^An  unbroken  series  of  eight  daily  meteorological  observations  were 
taken,  embracing  the  barometer,  thermometer,  hygrometer,  velocity 
and  direction  of  wind,  cloudiness,  and  rain  or  snowfall.  In  addition, 
special  attention  was  also  directed  to  such  incidental  phenomena  as 
occurred  from  time  to  time,  the  most  noteworthy  of  these  being  the 
notes  secured  upon  the  auroral  displays  and  the  i-ecord  of  the  '  polar 
band '  cloud  formation. 

"About  eighty  auroras  were  noted  in  four  yeai's,  very  few  of  which 
were  brilliant — ^the  ordinary  form  being  a  low  and  rather  pale  arch  or 
series  of  arches  in  the  north.  The  cloud  ibrmation  known  as  '  polar 
bands '  was  very  common,  and  in  a  preliminary  report  upon  lay  meteo- 
rological work,  which  has  been  furnished  the  Chief  Signal  Officer  for 
publication  in  his  annual  report  for  the  year  1881,  a  detailed  list  of 
tiiese  formations  with  accompanying  phenomena  is  presented. 

"In  addition  to  the  data  secured  at  St.  Michael's,  where  the  station 
*  under  my  charge  was  located,  I  obtained  some  interesting  thermome- 
ter and  general  weather  observations  from  a  fur  trader  stationed  on 
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the  head-waters  of  the  Yukon  river.  My  several  sledge  expeditiont^ 
iuto  the  interior  and  along  the  coa^t  to  Behring's  sea  also  fnrnished 
additional  notes  of  value,  though  of  a  general  rather  than  specific 
character.  Several  months  passed  on  board  the  '  Jeannette '  search 
ship  *  Corwin,'  cruising  in  Behring's  sea  and  the  Arctic  ocean,  were 
fruitful  in  the  same  manner,  affording  opportunity  to  obtain  a  more 
general  and  broader  knowledge  of  the  climatic  conditions  of  still 
other  and  more  remote  parts  of  this  region. 

"At  St.  Michael's  considerable  attention  was  paid  to  the  occurrence 
and  character  of  storms  and  some  peculiar  and  int.eresting  observa- 
tions  were  made  upon  the  relationship  of  the  land  formation  to  local 
winds  and  rainfall.  The.  material  thus  accumulated  is  to  be  elabor- 
ated into  a  general  discussion  of  the  climate  of  the  region,  covered  by 
the  writer's  work  while  in  the  north,  and  as  an  inseparable  subject 
will  be  treated  the  character  of  the  ctmntry,  its  productions  and  capa- 
bilities of  soil,  with  a  general  description  of  the  tojwgraphy  and  such 
physical  characteristics  as  are  of  value  and  interest.  A  special  i>oint 
will  be  made  of  supplying  information  upon  such  subjects  as  the  open- 
ing and  closing  of  navigation  in  Behring's  sea,  the  Arctic  ocean  and 
the  large  rivers  of  the  interior.  The  little  known  on  these  iK>iuts  will 
render  the  additional  data  possessed  regarding  them  of  considerable 
practical  value. 

^^The  attention  pjgd  to  various  outside  branches  of  inquiry,  notably 
the  zoology  and  ethnolQgy,  combined  with  the  more  strictly  meteoro- 
logical work,  will  all  unite  in  completing  the  general  description  of  the 
country  and  its  physical  peculiarities." 

Geography. 

• 

'*  In  the  winter  of  187^179  the  writer  secured  a  dog-sledge  and  team 
of  nine  dogs,  with  which,  acx^ompanied  a  portion  of  the  distance  by  a 
fur-trader  and  the  remainder  by  an  Eskimo  interpreter,  he  started 
from  St.  Michael's  and  traveled  south  across  Yukon  delta  and  along 
the  sea-coast  be^'ond  to  the  estuary  of  the  Kuskoquim  river.  Turning 
here,  this  stream  was  followed  up  some  ninety  miles  from  the  sea  and 
then  a  course  was  made  across  the  intervening  countiy  to  the  lower 
Yukon  in  the  vicinity  of  Mission  Station,  thence  up  this  river  about 
forty  miles  to  the  last  Eskimo  \illage,  and  then  retracing  the  course 
down  the  Yukon  to  the  sea  and  back  to  the  starting  point.  Until  the 
expedition  was  m<ade,  almost  nothing  was  known  of  that  large,  some- 
what triangular  area  inclosed  on  the  north  and  south  of  the  lower 
Yukon  and  Kuskoquim  rivers  and  the  west  by  Behring's  sea.  The 
maps  of  that  region  were  blank,  or  a  few  imaginary  streams  were 
introduced  to  fill  the  map.  The  most  valuable  result  of  the  exi)e- 
dition,  therefore,  consisted  of  the  geographical  data  secured,  and 
which  were  sufficient  to  construct  an  approximately  correct  map  of  this, 
entii^  area. 
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^^  The  sea-coast,  as  laid  down  in  all  the  maps,  is  fonnd  to  be  erroneous, 
and  Cape  Vancouver  was  determined  to  be  an  island  cut  off  from  the 
mainland  by  an  inlet,  through  the  entrance  of  which  the  tide  flows 
with  considerable  velocity.  In  most  instances,  the  native  (Eskimo) 
names  have  been  retained  to  designate  the  prominent  features.  The 
original  draft  of  this  map  has  been  furnished  the  Census  Bureau  iu 
accordance  with  instructions  from  the  Chief  Signal  Officer.  In  this 
map  I  have  named  a  bay  just  north  of  Cape  Voncouver  in  honor  of 
General  W.  B.  Hazen,  Chief  Signal  Officer,  under  whose  direction  my 
work  in  the  north  was  concluded.  The  inlet  separating  the  island 
from  the  cainland  is  named  for  Prof.  S.  F.  Baird,  director  of  the 
United  States  National  Museum.  Upon  this  island  is  a  low  range  of 
mountains,  of  which  the  most  prominent  peak,  about  2,000  feet  high, 
is  to  bear  the  name  of  honorable  Robert  Lincoln,  the  present  Secretary 
of  War.  A  bay  on  the  coast,  near  Cape  Bomanzoff,  is  named  for  Cap- 
tain C.  L.  Hooper,  of  the  United  States  revenue  steamer  'Corwiii,' 
whose  guest  I  was  during  the  '  Jeannette '  search  expedition  in  the 
summer  of  1881.  Just  south  of  Baird  inlet  is  a  lake  which  is  named 
in  honor  of  Mr.  N.  H.  Dall,  of  the  United  States  Coast  Survey,  whose 
work  in  this  region  is  so  well  known.  The  Census  Bureau  has  honored 
me  by  conferring  my  name  on  the  island  upon  which  is  situated  Cape 
Vancouver.  The  territory  embraced  between  the  two  rivers  and  the 
coast,  as  mentioned,  is  mainly  flat  and  very  low  for  long  distances 
along  the  coast.  It  is  bare  of  trees,  and  bushes  grow  only  along  the 
sheltered  banks  of  streams  or  on  favorable  slopes,  where  stunted  wil- 
lows and  alders  are  found.  The  wood  necessary  for  various  purposes, 
to  the  people  living  there,  is  obtained  along  the  sea-shore,  where  it  is 
cast  up  after  the  spring  freshets  in  the  Yukon  and  Kuskoquim.  It  is 
loaded  into  umiaks  or  large  seal-skin  boats  and  taken  up  one  of  the 
streams  which  intersect  the  country. 

'^  About  2,500  natives,  all  typical  Eskimos  in  language,  habits  and 
life,  were  Ipund  inhabiting  this  region.  These  are  among  the  most 
primitive  Alaskans,  and  they  offer  a  rich  fleld  for  an  ethnologist  to 
study  thejf  primitive  customs  and  beliefs.  During  the  flying  expe- 
dition I  made  through  their  country,  enough  was  learned  concerning 
them  to  reveal  the  extent  and  value  of  that  left  unlearned. 

'^  Along  the  coast,  fishing  for  salmon  in  summer,  with  seal,  walrus  and 
whale  hunting  in  fall  and  spring,  forms  the  main  reliance  of  the  natives* 
Those  of  the  interior  subsist  mainly  upon  the  several  kinds  of  fish 
found  in  the  ponds,  lakes  and  streams  which  cover  the  country. 

"  Fur-bearing  animals  occur  here  in  abundance,  mainly  red  and  whit^e 
foxes,  mink  and  land  otter.  In  winter  these  animals,  with  nixe  herds, 
of  reindeers,  are  all  the  animal  life  to  be  found  here.  In  summer, 
however,  the  whole  region  becomes  a  va«t  stretch  of  lake-dotted 
marsh,  where  millions  of  water- fowl  congregate  to  breed,  and  the  air 
is  filled  with  mosquitos  until  it  is  almost  impossible  for  white  men  to 
endure  the  torment  they  inflict. 
6 
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"  Duinug  the  winter  of  1879-^80,  iu  companj'  with  a  few  traders,  I 
traveled  by  dog-sledge  north  along  'the  coast  from  Saint  Michael's  to 
Sledge  island,  jnst  south  of  Behring's  straits.  Many  interesting 
facts  were  obtained  concerning  rhe  formation  of  the  country  traversed, 
and,  as  upon  the  former  expedition,  much  attention  was  paid  to  the 
natives  and  the  animal  life.  The  location  and  course  of  several 
streams  were  corrected  from  the  positions  marked  on  former  maps, 
and  native  villages  located.  We  were  received  with  great  honor  at 
Sledge  island,  as  being  the  first  white  men  to  visit  that  place  in  win- 
ter, and,  although  the  natives  were  suffering  from  hunger  at  the  time, 
they  begged  us  to  stop  all  night.  This  we  did,  and  a  dance  was  given 
in  our  honor  in  the  large  Kazhga  or  council-homc3. 

"  Prom  this  point  we  retraced  our  course  along  the  coast,  and,  after  a 
sevefe  experience,  finally  arrived  at  our  starting  point.  This  expedi- 
tion was  very  hard  upon  both  ourselves  and  the  dogs,  from  the  great 
scarcity  of  food.  Two  teams  of  dogs  used  in  my  sledge  became  imtit 
for  use,  owing  to  starvation;  and  the  third  team  arrived  at  Saint 
Michael's  so  weak  that  they  were  barely  able  to  advance  at  a  small  pace 
ander  the  constant  use  of  the  whip.  Our  own  experience  included 
the  use  of  raw,  frozen  fish  and  crabs,  with  seal  meat,  and  our  native 
interpreters  boiled  scraps  of  seal-skin,  and  took  such  other  fragments 
as  they  could  procure. 

**  Prom  Saint  Michael's  north  to  Unalakleet  the  coast  is  bored  by  a 
series  of  v61canic  hills  and  a  rugged  beach  of  dark  basalt.  The  coast 
is  bordered  by  Lills,  with' many  bold  cliffs,  theuce  all  around  to  Cape 
Nome,  but  the  rocks  change  to  slates,  and  similar  formations  bearing 
galena  and  graphite  in  some  places.  Th&  latter  mineral  is  very  abun- 
dant, but  of  a  poor  quality  all  through  this  region. 

"  Prom  a  few  miles  north  of  Unalakleet,  all  around  the  shore  of 
Norton  bay  to  the  vicinity  of  Cape  Darby,  small  spruces  from  ten  to 
thirty  feet  high  are  found  growing  wherever  the  mountains  or  hills 
border  the  shore.  The  low  coast  in  the  vicinity  of  Shaktolik  and  the 
head  of  Norton  bay,  however,  is  bare  of  trees. 

"  During  the  winter  of  1880-'81  an  expedition  was  madeinto  the  in- 
terior from  Saint  Michael's.  The  mountains  were  crossed  to  the  Anvik 
river,  down  which  we  passed  to  the  fur-trading  station  of  the  same 
name.  The  country  proved  to  be  mountainous,  but  not  very  high,  the 
entire  distance.  The  valley  of  the  Anvik,  closely  shut  in  by  moun- 
tain slopes,  is  quite  thickly  wooded  with  small  spruces,  giving  place 
to  cotton  woods,  white  birch  and  large  alders  where  the  valley  becomes 
broader.  At  Anvik  bad  weather  made  a  long  delay  in  the  journey,  so 
that  this  expedition  ended  with  the  exploration  of  the  two  branches  of 
the  Innoko  river,  which  flows  into  the  south  side  of  the  Yukon  above 
Anvik.  The  people  living  upon  this  stream  are  about  one  hundred 
and  fifty  in  number  and  are  the  remnants  of  a  once  numerous  and  war- 
like tribe.  Eeturning  to  Anvik  we  descended  the  Yukon  to  the  sea- 
coast  and  thence  to  Saint  MichaePs  again." 
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Ethnology. 

"  In  this  branch  of  research,  the  opportunity  was  excellent.  Daring 
the  entire  period  of  my  stay  in  the  north  and  all  the  time  which  it  was 
possible  to  spare  from  other  duties  was  devoted  to  this  subject.  The 
entire  Alaskan  sea-coast  Irom  Kodiak  island,  north  and  including  the 
Aleutian  and  other  inhabited  islands  of  Behring's  sea,  are  peopled  by 
Eskimo.  This  widely-spread  and  interesting  people  also  occupy  a 
small  strip  of  coast  along  the  Siberian  shore  from  East  Cape,  in  Behr- 
ing's  straits,  south  to  some  undetermined  point  on  the  coast  of  the 
Ochotsk  sea.  These  Asiatic  Eskimo  are  all  alike  in  having  a  strong 
infusion  of  the  customs,  manners  and  blood  of  the  neighboring  inland 
race  of  natives  known  as  Ohukchees.  These  Asiatic  Eskimo  differ 
from  their  relatives  of  the  American  coast,  in  their  lack  of  skill  in 
working  bone  and  ivory,  and  most  work  requiring  expert  handicraft. 
Their  mode  of  life,  however,  is  the  same  on  both  shores.  The  prod- 
acts  of  the  sea,  such  as  whales,  walrus,  seals  and  fish,  affording  the 
main  source  of  food  supply. 

'^  Along  the  entire  extent  of  coast  occupied  by  the  Eskimo,  excepting 
only  the  Aleutiaji  islands,  there  is  a  single  language  used,  which  alters 
by  slow  gradations  from  one  dialect  to  another ;  but  even  between  such 
extremes  as  Eodiak  island  and  Greenland,  two  parallel  lists  of  words 
are  contained  to  show  many  worcl9  almost,  or  quite  identical,  and 
most  of  the  roots  are  the  same. 

^^Bunning  like  a  connecting  chain'around  the  entire  northern  side  of 
the  continent  extends,  also,  a  connected  and  closely  related  or  identi- 
cal religious  belief,  with  customs  and  observances  strikingly  the  same. 

^^  In  Greenland  and  the  adjoining  main  land  the  race  appears  to  be,  or 
to  have  been,  in  its  least  developed  condition,  owing,  undoubtedly,  to 
the  rigorous  climate  and  the  consequent  difficulty  of  sustaining  life. 
The  same  causes,  undoubtedly,  go  far  to  account  for  the  short  statue  of 
most  of  the  people  inhabiting  the  northernmost  shore  of  the  continent 
and  in  Greenland.  It  is  certain,  that  along  the  Alaska  coast  south  of 
Point  Barrow,  the  Eskimo  are  very  commonly  well-built  men,  nearly, 
and  in  some  districts,  quite  equaling  the  average  height  of  white 
Americans.  About  Kotzebue  sound,  some  men  six  feet  or  more  in  height 
are  not  very  uncommon,  while  nearly  all  are  straight  and  well-built. 
In  addition  to  the  more  robust  physique  possessed  by  the  Eskimo  of 
western  Alaska,  as  compared  with  their  northern  and  easteruvbrethren, 
there  is  a  decided  and  striking  improvement  in  the  skill  with  which 
the  bone,  ivory  and  other  materials  used  in  their  occupations  and  pur- 
suits are  worked.  The  west  Alaskan  Eskimo  show  great  natural 
artistic  skill  in  many  of  their  productions,  and  strangely  enough, 
this  skill  appears  to  increase  as  we  proceed  southward  until  the 
I)eninsula  of  Alaska  is  reached,  the  best  workmanship  coming  from  the 
head  of  Bristol  bay.  Joined  with  this  increased  artistic  ability  goes 
an  increase  in  the  complication  and  pomp  of  their  religious  festivals 
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and  observances,  some  of  which  are  very  impressive.  The  folk-lore  is 
also  rich  here  in  tales  of  various  kinds,  many  of  which  bear  a  more  or 
less  i)oetical  character,  and  frequently  serve  to  point  a  moral. 

Although  along  the  inland  border  of  the  territory  occupied  by  the 
Eskimo  the  Indians  are  found  nearly  everywhere,  yet  there  appears 
to  be  an  almost  constant  suspicion  and  enmity  open  or  concealed 
between  the  two  races.  This  is  the  more  remarkable,  considering  the 
amicable  relationship  existing  between  the  Eskimo  of  the  Asiatic 
shore  and  their  neighbors,  the  Chukchees.    During  the  summer  of  i 

1881,  however,  while  visiting  the  coast  of  Alaska,  just  north  of  Eotze- 
bue  sound,  a  large  number  of  natives  from  the  upper  Nunatog  river 
came  on  board,  and  among  them  were  several  who  had  labret  holes 
in  their  lips,  and  had  other  evidences  about  them  of  having  adopted 
many  customs  of  their  Eskimo  neighbors.  Nothing  is  known  of  the 
people  living  about  the  head  waters  of  this  river  (the  Nunatog),  and 
an  interesting  problem  awaits  solution  there  as  to  the  relationship 
existing  between  the  Eskimo  and  Indians  of  that  district. 

^^The  existence  of  a  totemic  system,  such  as  is  so  well  known  among 
the  Indians,  has  been  denied  as  existing  among  the  Eskimo,  but  it  is 
certainly  universal  among  the  Alaskan  and  Asiatic  Eskimo  with  whom 
I  came  in  contact. 

"  The  right  vocabularies  obtained  by  me  from  material  upon  which  to 
base  definite  conclusion  as  to  the  relationship  between  the  people 
along  a  long  extent  of  coast  and  the  list  of  some  3,000  words  and 
phrases  from  the  people  of  Norton  sound  is  the  only  extended  list  of 
words  ever  secured  from  the  people  of  this  region,  and  will  form  a 
basis  for  comparison  with  the  existing  dictionaries  of  Greenland 
Eskimo. 

"The  very  large  series  of  carvings,  weapons,  utensils  and  other 
articles  brought  back  from  widely-spread  localities  will  show  in  a 
graded  series  the  talent  possessed  by  the  inhabitants  of  different 
sections  of  the  country." 

Zoologj* 

"The  fur-bearing  mammals,  as  a  matter  of  course,  form  the  center  of 
interest  in  northern  Alaska,  as  they  do  in  all  fur  countries.  The 
distributions  and  abundance  of  these  animals  were  studied  and  mauy 
notes  secured  regarding  their  habits.  Combined  with  the  study  of 
those  species  of  value  to  man,  as  fur-bearers,  attention  was  also 
devoted  to  all  tne  other  species  of  mammals,  and  the  distribution  of 
several  kinds  studied  beyond  the  limits  before  ascertained. 

"The  bighorn  or  mountain  sheep  is  found  among  suitable  mountains 
over  nearly  all  the  main  land  of  Alaska,  and  even  approaches  the 
Arctic  coast  near  Cape  Tisburne,  where  a  pair  were  seen  by  me  in  the 
summer  of  1881.  Beindeer  are  becoming  very  scarce,  except  in  a 
few  limited  districts  where  they  still  exist  in  great  abundance.  The 
small  rock  hare  (lagomys princeps)^  well  known  as  a  native  of  the  Rocky 
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mountaius  extending  into  British  America,  was  brought  me  from 
the  upper  Yukon,  close  to  the  Arctic  circle,  within  which  it  undoubtedly 
occurs.  It  was  also  ascertained  to  occur  in  the  mountains  along  the 
southern  side  of  the  Euskoquim  river,  reaching  within  a  comx>aratively 
short  distance  of  Behring's  sea. 

^^The  series  of  mammal  skins  secured,  and  which  are  yet  to  be  com- 
pared and  studied,  will  undoubtedly  afford  some  valuable  results. 

^^ Large  series  of  skulls  ^ere  secured  from  points  along  the  coast  and 
far  into  the  interior. 

"  In  this  work,  as  in  the  other  investigations  conducted  by  me,  I 
received  continued  aid  from  the  fur-traders  who  did  much  to  forward 
my  plans.  With  the  material  in  hand  a  complete  list  of  the  mammals 
of  the  territory  will  be  arranged,  in  which  will  be  introduced  all  the 
scientific  information  possible,  while  the  more  popular  portion,  regard- 
ing the  habits  and  other  points  of  more  general  interest,  will  form  a 
leading  part  of  the  account. 

"  The  birds  of  the  terri  tory  received  a  large  amount  of  study,  and  many 
interesting  discoveries  have  resulted  therefrom.  The  capture  of  the 
sharp-tailed  sand-piper  at  Saint  Michael's,  where  it  is  abundant  in  the 
fall,  added  a  species  to  the  North  American  fauna,  and  the  single 
specimen  of  the  beautiful  Sosse's  gull,  (Rhodostethia  rosea  J  taken  in 
autumn  near  the  same  place,  furnishes  the  first  record  of  this  bird  from 
Behring's  sea,  and  the  skin  was  the  only  one  in  any  American  collec- 
tion until  the  naturalist  of  the  ^  Jeannette '  brought  three  others  back 
from  the  memorable  cruise  of  that  ship.  The  vei-y  large  series  of  bird- 
skins  secured  afforded  an  excellent  basis  for  comparison  with  the  same 

■ 

or  allied  species  from  America  and  the  old  world.  Careful  comparisons 
were  consequently  instituted  between  then^  and  the  fine  series  of  skins 
in  the  Smithsonian  collection  from  various  localities.  Some  extremely 
interesting  facts  bearing  upon  geographical  variation  and  the  relation- 
ship between  birds  of  the  two  continents — the  old  and  the  new  worlds 
— were  obtained  and  new  light  thrown  on  old  questions. 

^^  A  species  of  ptarmigan,  from  the  eastern  part  of  the  continent,  and 
ignored  by  all  recent  ornithologists,  proves  to  be  a  valid  geographical 
race  at  least,  and  thus  adds  a  grouse  to  our  fauna.  Three  geographical 
races  of  birds,  new  to  science,  are  also  among  the  results  of  the  study 
given  to  the  series  in  hand. 

"  Many  plumages,  before  undescribed,  are  carefully  noticed,  and  with 
the  very  full  accounts  of  the  habits  and  nesting,  besides  a  variety  of 
other  interesting  information,  this  portion  of  the  report  will  be  as 
nearly  exhaustive  of  the  subject  as  possible. 

'^  In  preparing  the  account  of  the  birds  it  has  been  the  writer's  aim  to 
render  the  subject  as  entertaining  as  possible,  with  the  conviction  that 
a  subject  does  not  suffer  from  being  set  before  the  reader  in  a  palatable 
manner  rather  than  in  a  continually  prosy  style. 

^  The  time  devoted  to  the  fishes  was  necessarily  limited,  but  a  fine 
collection  of  the  fresh-water  species  was  secured  from  the  rivers  of  the 
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interior,  and,  with  the  species  taken  at  varions  coast  localities,  will 
serve  to  make  a  valaable  contrifoiition  to  the  scanty  stock  of  knowledge 
we  now  possess  concerning  the  fishes  of  the  north. 

"  The  scope  of  this  portion  of  the  report  is  not  fully  determined  yet,  as 
the  specimens  still  remain  to  be  studied.  There  are  undoubtedly  sev- 
eral species  new  to  science  and  others  but  little  known.  All  the  facts 
concerning  distribution,  abundance,  their  value  as  food  to  native  and 
white  population,  with  the  mode  of  capturing  the  most  important  spe- 
cies, will  go  to  make  out  this  report.  A  series  of  water-color  sketches 
taken  from  the  fresh  specimens  will  serve  as  originals  for  colored  plates 
to  accompany  the  report. 

^^  As  a  whole,  it  is  the  writer's  intention  to  attempt,  at  least,  to  pre- 
pare a  report  of  exceptional  value  as  regards  the  amount  and  worth  of 
the  material  presented.  4  he  facts  are  at  hand  and  it  now  requires 
their  arrangement  and  publication." 

AWARDS  FROM  INTERNATIONAL  EXHIBITIONS. 

I  take  pleasure  in  acknowledging  the  receipt,  through  the  honora- 
ble Secretary  of  War,  of  awards  for  Signal  Service  displays  at  the 
International  Exhibition  of  Electricity,  held  at  Paris,  France,  and  the 
Geographical  Exhibition  and  Congress,  held  at  Venice,  Italy. 

A  **  Diploma  of  Honor  "  was  awarded  by  the  Electrical  Exhibition 
in  acknowledgment  of  the  quality  of  the  electrical  display  presented 
by  the  Signal  Service,  the  display  consisting  of  one  section  of  field 
telegraph  train  and  electrical  instruments,  designed  in  this  office  with 
the  view  of  securing  continuous  meteorological. records. 

Sergeant  Adolf  Eccard,  Signal  Corps,  United  States  Army,  who 
had  immediate  charge  of  the  display,  was  personally  awarded  a  silver 
medal  for  improvements  and  inventions. 

Major  D.  P.  Heap,  Uuited  States  Engineers,  who  had  general 
charge  of  the  War  Department  exhibits,  reports  that  those  of  the  Sig- 
nal Service  attracted  great  attention,  and  that  the  "Diploma  of 
Honor  "  was  the  highest  award  granted. 

The  Signal  Service  also  received  a  "  Letter  of  Distinction  "  from 
the  Grcographical  Exhibition  and  Congress  for  a  display  of  tri-daily 
weather  charts  issued  by  this  office  from  November  1, 1871,  to  Decem- 
ber 31, 1879.  The  "  Letter  of  Distinction  "  was  the  highest  award 
conferred,  the  "Diploma  of  Honor,"  of  first  and  second  class,  and 
'*  Honorable  Mention  "  following  successively. 

PERMANENT  ORGANIZATION. 

In  connection  with  the  subject  of  permanent  organization,  1  respect- 
fully invite  your  attention  to  the  report  of  the  military  committee  of 
the  House  of  Eepresentatives  on  the  bill  for  the  organization  of  the 
Signal  Corps: 
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The  Chmmiiiee  an  Military  Affairs,  to  whom  was  referred  the  hill{H,  R.  2253)  to 
increase  the  efficiency  of  the  Signal  Corps  of  the  Army,  respectfully  submit  the 
following  report : 

The  committee  are  forcibly  impressed  that  an  efficient  and  well-trained  Signal  Corps 
is  absolutely  essential  to  armies  in  time  of  war.  No  organization  has  done  more  with 
the  same  nnmbor  of  men  and  with  the  same  expense  than  a  corps  of  intelligent  and 
educated  signal  officers. 

The  erode  methods  adopted  by  the  ancients  have  been  improved,  until  now  an  ariny 
without  an  efficient  signal  corps  would  labor  under  a  disadvantage  which  would  render 
it  inefficient  for  a  campaign. 

The  matter  has  received  the  careful  attention  of  all  European  powers  and  should  de- 
mand the  serious  consideration  of  Congress. 

The  corps  should  be  composed  of  scientific  men  of  high  attainment,  whose  study  of 
methods  used  by  other  armies,  supi^lemented  by  their  experience,  would  enable  them 
to  devise  and  invent  plans  of  the  mghest  superiority. 

In  times  of  peace  me  duties  of  the  Signal  Corps  are  of  the  highest  importance  to  the 
whole  people.  They  are  daily  notified  of  approaching  storms,  of  probable  changes  in 
the  weather,  and  such  a  corps  as  is  proposed  would  b^  stud^  and  experience  finally  be 
enabled  to  predict  the  approach  of  cyclones,  and  it  is  not  impossible  that  they  could 
eventually  devise  means  to  prevent  anjr  serious  damage  by  them. 

In  a  country  like  ours,  with  a  territory  of  3,603,884  square  miles,  this  bureau  in 
time  of  peace  should  be  under  the  War  Department: 

In  Denmark,  Sweden,  and  the  Netherlands,  which  are  so  eminently  maritime,  it  is 
yery  properly  under  the  navy  department. 

In  Austria  it  is  independent  or  special. 

In  France  it  is  controlled  by  the  minister  of  the  interior. 

In  England  it  is  controlled  by  the  Royal  Society. 

In  Russia  it  is  controlled  by  the  Academy  of  Sciences. 

In  our  country,  with  the  Signal  Corps  properly  organized  and  made  a  party  of  the 
army,  we  can  have  the  aid  of  the  army,  and  more  tnan  that,  we  can  have  that  offir 
ciency  and  promptness  which  is  the  result  of  military  discipline. 

The  Signal  Corps  of  the  United  States  was  first  organized  on  June  27,  1860,  by  the 
appointment  of  Assistant  Surgeon  Albert  J.  Myer  to  the  rank  and  position  of  major 
and  Chief  Signal  Officer  of  the  regular  army.  So  efficiently  was  this  service  per- 
formed, and  so  essential  was  it  to  the  army,  that  on  March  3,  1863,  the  corps  was 
increased  and  the  chief  promoted  to  the  rank  of  colonel. 

Section  22  of  the  act  to  increase  and  fix  the  military  peace  establishment  of  the 
United  States,  approved  July  28,  1866,  provided  for  one  Chief  Signal  Officer,  (a 
colonel,)  and  gave  the  Secretary  of  War  authority  to  detail  six  officers,  and  not  to 
exceed  one  hundred  non-commissioned  officers  and  privates,  from  the  Battalion  of 
Enjzineers. 

The  number  of  enlisted  men  was  increased  from  time  to  time,  and  by  act  of 
Congress,'  approved  June  20, 1878,  was  fixed  at  four  hundred  and  fifty.  By  this  act 
it  was  also  provided  that  two  sergeants  of  the  Signal  Corps  might,  each  yevx,  be 
appointed  second  lieutenants. 

The  act  of  Confess  approved  February  24,  1880,  added  to  the  Sijjnal  Corps  fifty 
privates,  and  provided  that,  from  and  after  the  passage  of  the  act,  the  Chief  Signal 
Officer  should  have  the  rank  and  pay  of  a  brigadier-general. 

The  Signal  Corps  therefore  consists  of  one  brigaaier-general  and  four  second  lieu- 
tenants, appointed  under  the  act  of  June  20,  1878,  and  nve  hundred  enlisted  men  of 
the  pade  of  engineer  soldiers. 

There  has  been  no  provision  of  law  for  any  of  the  intermediate  grades  of  officers  of 
this  corps,  or  for  the  promotion  at  any  time  of  such  second  lieutenants  as  may  be 
appointed  under  the  existing  law. 

During  the  late  war  the  duties  of  the  Signal  Corps  were  solely  in  connection  with 
the  armies,  and  comprised  a  system  of  communications  by  signals  and  by  field  tele- 
graphs which  had  been  invented  and  adapted  by  the  late  General  Myer.  It  was  used 
extensively  by  both  armies,  especially  daring  the  latter  years  of  the  war,  and  esteemed 
of  great  advantage.  Similar  systems  have  since  that  time  been  put  in  use  in  most  of 
the  great  armies  of  Europe,  and  such  means  of  communicating  are  now  regarded  as 
indispensable  in  modern  warfare. 

It  was  owing  to  this  belief  that  the  act  of  July  28,  1866,  fixing  the  military  peace 
establishment  of  the  United  States,  provided  for  the  position  of  Chief  Signal  Officer 
and  for  the  detail  of  officers  and  enlisted  men  for  that  service. 

At  that  time,  and  for  some  years  subsequently,  no  meteorological  work  was  contem- 
plated by  any  corps  or  branch  of  the  army,  and  the  requirements  of  the  case  were 
sufficiently  met  by  the  plan  adopted. 
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By  joint  resolution  of  Congress,  approved  February  9,  1870,  the  Secretary  of  War 
was  authorized  and  required  to  provide  for  taking  meteorological  observations  at  the 
military  stations  in  the  interior  of  the  continent  and  at  other  points  in  the  states  and 
territories  of  the  United  States,  and  for  giving  notice  on  the  northern  lakes  and  on 
the  sea-coast,  by  magnetic  telegraph  and  marine  signals,  of  the  approach  and  force  of 
storms. 

On  June  27,  1872,  the  Secretary  of  War  assigned  this  duty  to  the  Chief  Signal  Offi- 
cer of  the  army,  under  whose  control  it  has  since  remained,  and  from  this  beginning 
the  present  system  of  observations  and  reports  for  the  benefit  of  commerce  and  agri- 
culture has  grown  up. 

These  reports  have  constantly  increased  in  number  and  variety,  are  made  three 
times  each  day,  and  include  all  conditions  of  weather,  of  temperature,  of  rainfall,  and 
ef  barometric  changes  throughout  the  country,  and  are  promptly  given  to  the  public, 
while  special  warnings  of  storms  on  Uie  northern  lakes  and  on  the  sea^ioast  are  ftir- 
nished  as  far  in  advance  as  possible,  and  save  annually  heavy  losses  to  commerce. 
Approaching  cold  waves,  known  in  the  west  as  "  northers,"  are  predicted,  warnings  of 
frosts  are  sent  out  for  the  benefit  of  sugar  planters  and  orange  growers,  and  during 
the  past  year  an  extensive  system  of  observations  and  reports  for  the  benefit  of  cot- 
ton planters  was  put  in  operation,  which  it  is  contemplated  to  extend  to  the  wheat- 
growing  interests  of  the  northwest  as  soon  as  possible. 

Public  confidence  in  these  reports  and  in  the  weather  forecasts  has  condnuall^ 
increased,  and  their  character  has  improved  yearly,  until  at  present  there  are  few,  if 
any,  classes  of  industry  which  do  not  receive  large  benefit  from  them.  Statistics 
show  that  the  storm  warnings  given  on  the  lakes  result  in  a  saving  to  commerce  of  nearly 
$1,000,000  each  year. 

Not  only  has  the  work  of  this  corps  conferred  large  benefits  upon  the  industries  of 
the  country,  but  it  has  given  American  meteorolo^  a  high  standing  in  other  countries. 

The  committee  believe  that  this  service  is  now  indispensable  to  the  public,  and  that 
iit  should  be  continued  and  improved  as  further  observation  and  experience  may  sng- 
•gest ;  that  this  can  be  best  accomplished  by  the  work  remaining  under  military  con- 
itrol  and  by  a  more  complete  organization  of  the  Signal  Corps,  whereby  the  officers 
{required  to  perform  th^  duty  may  be  placed  where  they  will  remain  permanently  upon 
it,  and  by  means  of  which  the  present  defective  system  of  temporary  detail  may  in 
ihture  be  avoided. 

There  are  now  on  duty  with  the  Signal  Corps  sixteen  officers  detailed  from  regiments, 
Vho  are  liable  to  be  relieved  and  returned  to  their  proper  duties  at  any  time.  The 
•course  of  preparatory  study  necessarr  before  an  officer  is  fitted  for  weather  predictions 
requires  two  years,  and  even  then  suosequent  experience  is  most  valuable  and  neces- 
sary. The  committee  believe  that  the  dut^p*  requires  the  best  talent  and  training,  and 
can  be  best  performed  by  officers  whose  positions  are  permanent :  that  the  value  of  the 
weather  predictions  is  recof^nized  by  the  country,  as  is  evidenced  by  numerous  resolu- 
tions of  boards  of  trade,  cnambers  of  commerce,  and  similar  organizations  represent- 
ing all  sections ;  that  the  great  industries  of  the  people  require  and  demand*  tnat  this 
service  shall  be  continued  and  improved,  and  that  this  can  best  be  done  hj  appointing 
ant«  the  Signal  Corps  the  necessary  officers  and  thus  completing  its  organization. 

Tlfae  officers  now  on  duty  with  the  corps  are  not  sufficient  for  the  work  demanded, 
and  the  number  should  be  increased. 

The  committee,  therefore,  afler  a  careful  examination  of  the  facts,  and  in  view  ot 
Ihe  foregoing,  recommend  that  the  accompanying  bill  be  passed,  with  an  amendment. 

It  is  neoesswy  that  some  better  grade  and  pay  than  that  of  sergeants 
"be  provided  for  the  oldest  and  best  men  of  this  service.  The  higher 
grades  of  pay  given  to  fourth,  third,  and  second  class  clerks  in  the 
other  bureaus  at  Washington  draw  from  us  our  best  men  when  they 
have  become  most  valuable;  and  it  cannot  be  expected  they  will 
remain  here,  but  will  be  lost  to  the  Signal  Service  unless  their  work 
is  made  a^  remunerative  as  in  the  other  bureaus. 

An  increased  force  of  fifty  men  is  now  imperatively  needed  to  carry 
on  the  cotton-belt  work,  the  display  of  frost  warnings,  the  extension 
of  telegraph  lines,  and  other  work;  and  I  recommend  that,  instead 
of  increasing  the  enlisted  force,  fifty  additional  clerks  be  authorized 
for  the  central  office,  preference  in  appointment  to  be  shown  to  the 
oldest  .and  most  efficient  men  in  the  service. 
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This  will  release  a  corresponcliDg  number  of  enlisted  men,  and  permit 
their  assignment  to  station  work,  while  it  will  advance  to  better  pay 
men  who  have  been  mostly  ten  years  in  the  service. 

I  recommend  the  grading  of  the  fifty  as  follows :  Five  of  class  three, 
twenty  of  cla^ss  two,  and  twentj'-five  of  class  one. 

Appendix  No.  74  contains  a  general  summary  of  past  legislation  re- 
lating to,  and  the  legal  status  of,  the  Signal  Service. 

NEW  BUILDING. 

The  need  for  a  new  office,  built  with  a  direct  view  of  the  purposes 
of  the  Signal  Corps,  cannot  be  too  strongly  urged.  The  work  of  this 
bureau  now  necessarily  occupies  ten  buildings  on  G  and  H  streets 
and  Pennsylvania  avenue,  at  an  annual  rent  of  $6,379.96,  while  the 
cost  for  messengers  and  laborers»over  what  it  would  be,  were  this  work 
bix)ught  into  a  single  convenient  building,  is  about  $2,500  a  year. 
The  cost  of  a  new  office,  including  the  ground,  would  not  exceed 
$150,000,  the  interest  of  which,  at  three  per  cent.,  would  be  $4,500. 
This  would  effect  an  annual  saving  of  $4,379.96,  while  the  building 
would  be  so  placed  that  a  large  increase  of  value  would  arise  upon  the 
property.  The  very  large  and  valuable  ccllection  of  data  and  records 
now  accumulating  are  greatly  exposed  to  destruction  by  fire,  while  the 
work  of  the  Signal  Bureau  would  be  rendered  much^ore  efficient  and 
economical  iu  every  ^ay  if  properly  housed  in  a  building  suited  to  its 
puri>oses.  There  is  no  prospect  of  room  being  available  in  the  new 
.War  Department  building,  and  favorable  action  on  a  new  office  is  earn- 
estly recommended. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

w.  b;  HAZEN, 

Brig,  and  Bvt.  Maj,  OenH, 
Chief  Signal  Officer^  U.  S.  A. 
Hon.  Robert  T.  Lincoln, 

Secretary  of  War. 
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Fort  Grant,  Ariz.,  JkZy  24, 1862. 

Assistant  Adjutant-GenbraLi  Dbpartmbmt  or  Arizona, 
Preacolt,  Arieana, 

(Through  commanding  officer  of  scouting  operations  in  Southern  Arizona.) 

Sir  :  I  have  the  honor  to  report  that  on  the  10th  instant  I  left  the  post  to  establish 
heliograph  line  between  Grant  and  Bowie,  for  practice,  as  required  from  your  head- 
quarters. The  line  was  established  with  two  intermediate  stations,  ana  messages 
were  snccessfnlly  transmitted  for  Colonel  Brackett,  commanding  scouting  operations, 
and  returned  by  telegraph,  and  quite  an  amount  of  practice  was  had  over  the  line. 
There  being  much  difficulty  in  supplying  the  station  with  water,  it  was  then  closed, 
the  object  of  its  establishment  being  attained.  The  longest  range  on  this  line  was 
about  25  miles,  the  flash  at  this  distance  being  perfecUjf  clear  and  distinct  to  the  naked 
eye ;  in  fact,  but  little  different  from  that  at  10  and  15  miles.  On  my  return  on  the  20th 
and  2l8t  instants,  I  ascended  to  the  highest  point  of  the  Dos  Cabexas,  the  distance  of 
which,  I  should  say,  is  at  least  40  miles  ttoxn.  Grant,  and  from  here  my  flash  at  Grant 
was  easily  read,  I  being  able  to  read  with  the  naked  eye  and  without  difficulty  the 
flash  at  Grant,  and  communication  was  easily  had.  Tne  second  day  quite  a  number 
of  messages  were  transmitted.  The  power  of  these  small  mirrors  is  quite  a  surprise  to 
me,  and  I  can  safely  say  that  40  miles  is  a  safe  range,  as  proved,  for  the  heliograph  of 
the  Gru;ran  pattern,  and  I  believe  it  can  be  used  to  advantage  as  far  as  oO  miles, 
being  road  by  the  unaided  eye  of  any  one  with  good  sight.  There  is  no  doubt  that 
the  heliograph  can  be  of  great  advantage  in  this  country,  and  moving  columns  might 
communicate  with  posts  at  distances  of  50  miles  or  more,  thus  saving  much  time  in 
getting  supplies,  giving  information,  Slc,  The  Morse  code  can  be  used  equally  well 
with  heliograph,  consequently  any  telegraph  operator  can  read  the  messages  without 
any  practice,  simply  undcrstimding  that  the  long  and  «^r<lla«A««  take  the  place  of  the 
daah  and  dot.  This  being  the  wet  season,  I  nnd  that  the  afternoons  are  usually 
cloudy,  but  I  understand  that  during  the  groater  part  of  the  year  the  weather  is  fair 
and  light  very  good.  As  soon  as  possible  I  shall  establish  a  line  to  camp  on  the  Gila 
(near  Clifton)  from  Bowie.  This,  Colonel  Brackett.  commanding  scouting  operations, 
thinks  the  more  important  line,  as  by  means  of  it  tne  people  in  the  valley  of  the  Gila 
can  be  warned  of  Indian  trouble,  in  addition  to  its  being  a  means  of  communication 
with  the  troops.  He  is  giving  me  all  the  assistance  possible  to  carry  out  the  instruc- 
tions of  the  aepartment  commander.  Hie  line  between  Bowie  and  this  camp  (on 
Gila)  can  be  established  with  but  one  intermediate  station,  at  Ash  Butte,  near  the 
springs  and  about  10  miles  from  the  Gila  camp.  Water  can  easily  be  supplied.  The 
line  from  Bowie  to  Price  can  also  be  established  with  one  station  (intermediate)  near 
Camp  Bucker,  and  the  water  supply  will  be  no  difficulty.  I  would  respectfully 
request  that  I  be  furnished  with  six  (6)  more  heliographs;  they  are  necessary  for  the 
line  from  Bowie  to  Price.  I  want  those  of  the  Gmgan  pattern ;  I  find  the  other  (the 
Gamer)  is  perfectly  unreliable  and  almost  useless,  except,  with  much  work,  an  arrange- 
ment for  keeping  it  in  position  is  made.  I  would  respeotfblly  call  attention  to  tne 
fact  that  a  great  portion  of  my  men  belong  to  the  Twelfth  Infantry,  and  if  they  are 
to  leave  the  department,  I  would  request  that  there  be  detailed  an  eaual  number  of 
men  to  be  instructed  as  soon  as  possible.  It  will  take  at  least  six  weeks  to  properly 
instruct  them,  and  I  respectAilly  request  that  the  department  commander  be  pleased 
to  make  the  detail  in  time  for  their  instmction.  The  knowledge  they  obtain  of  sig- 
nalinjif  cannot  fail  to  be  of  advantage  to  the  service.  The  supply  of  flags,  telescopes, 
and  field-glasses,  I  hope  may  soon  m  furnished,  as  they  are  much  need^l. 
I  am,  six;  very  respectfiiUy,  your  obedient  servant, 

MABION  P.  MAUS, 
Firet  JAeutcMnt,  Fint  Ittfantry,  A.  S.  0.,  in  the  FieUL 
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Fort  Myer,  Va.,  August  19,  18&?. 
Chief  Signal  Officer  of  the  Army: 

Sir:  I  have  the  honor  to  sabmit  the  following  description  of  a  form  of  heliograph 
deyiaed  with  a  view  to  its  suitability  to  military  service  in  the  United  States,  and 
which  has  been  snbjeoted  to  such  tests  as  could  be  made  over  the  signal  ranges  at  the 
Signal-Service  School  of  lustrnction  at  Fort  Myer,  Va.,  including  the  Sugar  Loaf 
Mountain  range,  'S2  miles  in  len^h.  The  instrument  worked  in  a  satisfactory  man- 
ner, and  has  iHready  been  tum^  over  to  the  government.  * 

The  heliograph,  packed,  consists  of  two  pieces,  viz,  a  leather  satchel  containing  two 
mirrors  and  the  screen,  and  a  canvas  case  (3  feet  6  inches  long,  diameter  3  inches)  con- 
taining two  tripods,  the  legs  of  which  interlock,  and  the  bar.  Total  weight,  8^ 
pounds.  Both  pieces  may  be  carried  slung  over  the  shoulder,  sling  straps  being  pro- 
vided for  this  purpose. 

The  instrument  consists  of  seven  constituent  parts,  viz :  Two  tripods,  two  mirrors, 
one  bar,  one  screen,  and  one  screen  key. 

The  tripod  legs  are  of  hickory,  the  bar  of  phosphor  bronze  (16  inches  long),  the 
miiTors  (3i  by  3^  inches)  in  metal  firames  are  plated  with  pure  silver,  which  becomes 
whitish  and  opaque  by  exposure  to  the  sun  to  a  much  less  degree  (if  at  all)  than  amal- 
gam-backed mirrors.  The  screen  frame  is  of  brass,  the  screen  of  vulcanized  rubber. 
The  calculated  range  of  the  instrument  is  76  miles. 

When  signalling,  the  bar  is  clamped  at  its  center  to  the  top  of  one  of  the  tripods,  the 
mirror  to  one  of  the  eztrendties  of  the  bar,  the  screen  to  the  tojp  of  the  other  tripod. 
The  other  extremity  of  the  bar  has  a  clamping  arrangement  for  the  second  mirror, 
used  when  the  sun  is  behind  the  sending  station,  and  also  holds  the  sighting-rod. 

The  instrument  is  a4JU8ted  by  looking  through  the  hole  in  the  center  of  the  glass 
and  turning  the  bar  and  raising  or  lowering  the  sighting-rod  until  its  disk  covers  the 
distant  station.  By  means  of  a  tangent  and  a  vertical  screw  attached,  the  one  to  the 
clamping  arrangement  on  the  bar,  the  other  to  the  mirror  frame,  the  shadow  spot  of 
the  hole  in  the  mirror  is  made  to  fall  upon  the  sighting-rod  disk. 

As  the  flash  from  a  plane  mirror  is  a  reflection  of  the  sun's  image,  its  greatest  in- 
tensity lies  along  the  axis  of  the  cone  of  light,  and  as  the  axis  of  the  cone  of  light 
coincides  with  tho  center  of  the  miiror,  it  follows  that  the  shadow  spot  is  situated  in 
the  axis  of  the  cone  and  therefore  in  the  line  of  greatest  intensity ;  and  the  center  of 
the  mirror,  tho  disk  of  the  sighting-rod,  and  the  distant  station  being  In  line,  the  dis- 
tiant  station  receives  the  brightest  reflection  obtainable  when  the  shadow  spot  is  on 
the  disk.  y 

By  working  the  telegraph  key  attached  to  the  screen,  this  latter  having  been  placed 
in  position  to  intercept  the  flash,  the  flashes  are  made  to  appear  and  to  disappear  to 
the  distant  observer,  and  in  this  manuer  the  letters  of  the  alphabet  are  signaled. 
Either  the  Signal  Service  code  or  the  Morse  code  may  be  used. 

In  connection  with  this  subject,  I  would  respectfully  invite  your  attention  to  the 
two  systems  by  which  signalling  may  be  carried  on  with  the  heliograph,  viz : 

1.  By  flashes  of  light. 

2.  By  obscuration. 

The  former  system  is  the  one  used  by  the  Signal  Service.  The  latter,  however,  is 
believed  to  be  superior,  and  for  the  following  reason :  That  it  is  easier  for  an  observer 
to  concentrate  both  sight  and  attention  upon  the  motions  of  a  fixed  light  that  is  rapidly 
covered  an<l  uncovered  by  a  screei;,  than  to  wait  for  the  appearance  of  a  light  which, 
so  to  speak,  flashes  out  suddenly  from  space. 

The  English  army  has  adopted  the  system  of  obscuration,  and  as  it  is  probable  that 
the  heliograph  will  be  generally  used  by  troops  in  the  field,  it  would  appear  advisable 
to  adopt  witnout  delay  that  system  which  aiipears  the  better  one.  The  screen  which 
forms  part  of  the  heliograph  referred  to  in  this  communication,  may  be  used  for  either 
the  flash  or  the  obscuration  system. 

The  principal  objects  kept  in  view  in  devising  this  instrument  were,  facility  of  ad- 
justment and  of  repair  in  the  field  in  case  of  accident,  portability,  strength,  and  as  few 
constituent  parts  as  possible. 
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There  are  several  forms  of  instruments  UHed  in  snn-sigDalliDg,  the  most  prominent 
of  which  are  the  Mauce  heliograph,  devised  by  Mr.  H.  C.  Mance,  and  the  Beffbie 
hcliostat,  devised  by  Captain  Begbie  of  the  Madras  Sappers  and  Miners.  Both  of 
these  instruments  appeared  to  have  certain  object  ionabln  featnres  which  might  be 
overcome.  The  Begbie  consists  of  too  many  constituent  parts;  cannot  be  conven- 
iently carried  by  a  mounted  man,  and  stands  Jow  when  set  up  for  working,  the  centre 
of  the  mirror  being  only  14  inches  above  the  smund. 

In  working  the  Mance,  owing  to  the  movabu*  mirror,  the  operator  is  liable  to  send 
flashes  that  vary  in  intensity,  and  which  arc  tryiug  to  the  reader's  sight;  to  correctly 
maintain  the  adjustment  is  more  fatiguing  to  the  eyes  of  the  operator  than  with 
a  steady  flash  instrument,  owing  to  the  shadow  spot  being  constantly  in  motion  while 
sending  a  message ;  and  the  working  of  the  button  attached  to  the  mirror  is  apt  to 
disarrange  the  adjustment,  especifuly  in  soft  soil.  Finally,  with  the  Mance  helio 
graph,  no  matter  how  many  signal  men  may  be  on  the  station,  the  adjustment  cnn 
only  be  attended  to  by  the  operator  himself,  who  adjusts  while  signalling.  This  is  ii 
disadvantage.  The  advantage  of  having  an  adjuster  and  an  oiierator  cannot  be  over- 
estimated. It  facilitates  the  work  both  at  the  sending  and  at  the  receiving  stations. 
The  instrument  should,  however,  be  so  constructed  as  to  be  capable  (»f  being  worked 
successfully  by  a  single  operator. 

The  General  of  the  Army  having  approved  your  application  for  my  temporary  detail 
on  signal  dut^,  I  have  been  enabled  to  make  such  experiments  as  can  be  made  in  this 
section  of  the  country.  Over  the  ^-mile  range,  between  Fort  Myer,  Virginia,  and 
Sugar  Loaf  Mountain,  Maryland,  the  flashes  wer^^  full  and  distinct,  and  the  alignment 
was  easily  maintained  and  the  screw  worked  by  a  single  operator.  These  experiments 
in  the  field  during  the  present  summer  have  led  t'o  several  important  changes  in  the 
instrument,  whicn  is  now  believed  to  be  in  condition  for  issue  to  troops  in  the  field. 
Very  respectfully,  your  obedient  servant, 

F.  C.  GRU6AN, 
First  Lieutenant,  Second  Artillery. 
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LECTUBE8  ON  INSTRUMENTS  AND  METHODS. 
By  Professor  Cleveland  Abbe. 

This  cooTse  of  leotnres  on  meteorological  instruments  and  methods  was  intended  to 
give  a  basis  for  the  exact  study  of  the  sources  of  error  and  to  suggest  to  the  best-pre* 
pared  students  the  most  recent  methods  of  treatment  of  fundamental  problems  in  me^ 
teoroloey. 

The  lollowing  is  a  synopsis  of  the  contents  of  these  lectures,  as  delivered  by  myselfl 

CLEVELAND  ABBE, 
Professor  and  AssistanU 
Lecture  No.  I. 

(Begun  January  12, 1882,  and  finished  January  19,  1882.) 

THERMOMETERS. 

1.  General  ideas  of  heat  abd  expansion,  linear  and  cubic. 

2.  Relative  expansion  of  air,  mercury,  brass,  steel,  and  glass. 

3.  The  air  thermomet-er. 

4.  Absolute  zero,  Fahrenheit's  zero,  Centigrade  zero. 

5.  Fahrenheit,  Reaumur,  Centigrade,  absolute,  and  arbitrary  millimeter  scales. 

6.  Calibration — Bessel's,  Oettingen's,  Neumann  and  Thiesen's,  and  Russell's  methods. 

7.  Determination  of  the  freezing-pointy  Of  pure  water  at  30  inches;  45^  latitude; 

8.  Determination  of  the  boiling-point  (     zero  feet  altitude. 

9.  Sudden  and  slow  changes  of  the  fiducial  points  of  mercurial  thermometers. 

10.  Comparison  of  thermometers. 

11.  Signal  Service  correction-cards. 

12.  Radiation ;  Dulong  and  Petit-Radiation  =  m  a^. 

13.  Refraction,  dispersion,  and  wave  length. 

14.  Absorption;  Provost's  theory  of  exchanges. 

15.  Conduction.' 

16.  Thermal  properties  of  lamp-black,  polished  silver,  mercury,  glass,  rock-salt,  water, 

aqueous  vapor,  dry  air. 

17.  Bright-bulb  thermometers. 

18.  Black-bulb  thermometers. 

19.  Bright  and  black-bulbs  in  vacuo, 

20.  Temperature  of  the  air. 

a.  Ordinary  Signal  Service  shelter:  Wild's  shelter  and  the  English  shelters. 

h.  Polished  silver  screens :  Pouillet. 

e.  Jonles's  tube  and  spiral. 

d.  Abbe's  method — ^blaok  and  bright-bulbs  in  the  same  shelter,  and  theredne- 

tion  formula.    T,  =  T,+c  (Tb— T,.) 
0.  Whirling  thermometer. 

21.  Solar  radiation :  Relative  observations. 

a.  Mari^Davy  and  his  conjugate  thermometers. 
h.  YioUe  and  his  corrugate  bulbs. 

Lecture  No.  II. 
(January  19, 1882.) 

barometers. 

1.  Atmospheric  pressure. 

2.  Siphon  barometer. 

3.  Corrections  for  instrumental  errors  and  peculiarities. 

a.  Graduation  errors  of  the  scale  and  elastic  stretch  or  set. 

b.  Temperature  of  the  scale. 

0.  Temperature  of  the  mercury. 

d.  Impurity  and  density  of  the  mercury. 

e.  Capillarity  in  the  tube  and  in  the  cistern. 

/.  Imperfect  vacuum  (Arago's  method)  and  tension  of  mercury  vapor. 

g,  Verticality. 

A.  Variation  of  gravity  with  latitude  (Wild's  correction  table). 

{.  Variation  of  gravity  with  altitude. 
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Lecture  No.  III. 
(January  26,  1882.) 

BAROMETEBS. 

1.  Aneroid  barometers : 

a.  Vidi,  1850. 

b.  Naudet. 
e.  Goldflclimid. 

2.  Construction  and  handling. 

3.  Setting. 

4.  Corrections  for — 

a.  Scale,  a, 
h.  Time,  hT, 

c.  Temperature,  o{t  —  to), 

d.  Pressure,  d(h  —  P), 

e.  Gravity.    (This  correction  is  0  if  the  standard  barometer  has  been  corrected 

for  gravity.) 

5.  Comparisons  of  barometers: 

a.  Reading  forward  and  backward. 
h.  Constant  personal  errors. 

6.  Signal  Service  barometer  correction  cards.  * 

Lecture  No.  IV. 
(February  2,  1882.) 

anemometers. 

1.  Arbitrary  wind  scales:  . 

a.  Mannheim,  0 — 4. 

b,  French,  0-— 7.  ' 
0.  Beaufort,  0  —  12.  I 

d.  Signal  Service,  0 — 8.  l 

e.  International,  0 — 10. 

2.  Wind  volocity  1  mile  per  hour  =  0.447032  meters  per  second. 

3.  Wind  pressure.     Rouse's  formula,  pressure  (pounds  per  square  foot)  =  0.005  X 

veJocit^'^  (mUes  per  hour.) 

4.  Velocity  anemometers : 

a.  Robinson. 

(.  Hagemann.  I 

5.  Pressure  anemometers : 

a.  Wild. 

b.  Lind. 

c.  Osier.     ^ 

Lectures  Nos.  V  and  VI. 

(February  9  and  16,  1882.) 

ANEMOMETERS. 

1.  Relations  between  pressure  and  velocity  and  shape  of  body :  ^ 

a.  Haeen  and  plane  surfaces. 

b,  Robinson,  Dohrandt,  and  Thiesen  and  hollow  hemispherical  cups. 

2.  Thiesen's  formula  for  Robinson's  anemometer. 

3.  Dohrandt's  formula  for  Wild's  tablet  anemometer. 

4.  Lind  and  Hagemann  anemometers. 

5.  Abbe's  combined  barometer  and  anemometer. 

1.  The  pressure  of  the  wind  against  thin  plane  discscut  into  various  shapes  (circles, 
squares,  triangles,  &c.)  is  expressed  by  Hagen  in  a  formnJa  equivalent  to  the  fol- 
lowing: 

P=  (0.0028934  4-0.0001403  p)  A%^  where  A  is  the  area  of  the  plate  in  square  feet,  and 
V  the  velocity  in  miles  per  hour,|)  the  perimeter  of  the  disc  in  linear  feet,  and  P 
the  pressure  in  pounds  per  square  foot. 

2.  Dohrandt,  by  studying  a  number  of  anemometers  whose  cups  had  various  radii 
(jR),  and  were  attached  to  arms  of  various  radii  (r),  finds  the  formula;  wind  velocity 
meters  per  second  =at-|--0iX29rr  where  Os  is  generally  about  1  meter  per  second  and  < 
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^1  can  be  computed  with  a  mean  error  of  -j-  or  —  3  per  cent,  from  the  following  form- 
Ola: 

^i  =  -I-  3.0133  —  53,7367  -B-^- 1033.81  ^-^  IP, 

where  R  and  r  ore  to  be  expressed  in  meters. 

3.  Compariaons  of  Wild's  tablet  anemometer  with  observations  led  Thiesen  to  a 
complicated  formula,  which,  beiug  applied  to  the  special  dimensions  of  these  instru- 
ments as  made  for  use  in  Europe,  gave  the  following  table: 


Velocity,  meters 

Angnlar  deviation 

per  second. 

from  the  yertical. 

1 

o 
1.1 

2 

4.1 

3 

9.2 

4 

15.7 

5 

23.0 

6 

31.0 

7 

38.7 

8 

45.7 

i) 

52.1 

10 

58.0 

11 

()2.5 

12 

(56.4 

15 

74.0 

20 

80.5 

4  and  5.  The  Lind  anemometer  gives  the  pressure  due  to  wind  blowing  into  a  horizon- 
tal end  of  a  siphon  tube ;  the  Hagemann  anemometer  gives  the  draft  up  a  vertical  tube 
across  the  top  of  which  the  wind  is  blowing ;  barometers  as  usually  read  in  closed  rooms 
give  pressures  as  affected  somewhat  by  the  draft  up  chimney  and  the  currents  pene- 
trating doors  and  windows.  The  combination  shown  in  the  following  figure  gives 
the  true  wind-pressure  Pw  anrl  barometric  pressure  Piiin  the  free  air,  as  deduced  from 
the  readings  Bi  and  B^  of  the  two  aneroid  barometers  X>  and  X>^ : 

/\  =  a(B,-B^)  ' 

I\  =  b(Bi  +  B.2). 


FlQ.  1. 


Combination  of  Und  and  Bagsmanns'  Anemometar 
wltb  Aneroid  Barometers,  suffg^ested  by  Prefssaor 
OXerelaad  Abbe. 
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Lbcturb  No.  VII. 
(February  23,  18H2,) 


▲QUKOUS  VAPOR  AND  HTGROMETBB8. 


1.  The  general  ftinctions  and  importance  of  aqueous  vapor. 

2.  Dew-point ;  vapor  tension,  weight  of  vapor,  relative  numidity,  evaporation. 

3.  Various  methods  employed  and  corresponding  apparatus. 


OBJECT  TO  BB  DETERMINED. 


Relative  humidity 

Absolute  weight  of  moisture 


Absolute  tension 


Dew-point. 
Wet-bulb-. 


APPARATUS. 

Saossnre's  hair  hygrometer. 

Chloride  of  calcium  absorption  appa- 
ratus. Sulphuric-acid  absorption  appa- 
ratus. Sulphuric-acid  absolution  ther- 
mometer. 

Schwackhdfer  volumetric  method.  Edel- 
man's  tension  apparatus. 

Daniell,  ^bche,  Regnault,  Alluard. 

Ad  gust  psychrometer.  Psychrometre  & 
fronde. 


/ 


Lecture  No.  VIII. 

(March  2,  1H82.) 
rygrometrt. 

1.  Regnault's  theory  of  the  action  of  the  wet-bulb  thermometer,  based  on  the  consider- 

ation of  the  convection  of  heat  by  a  gentle  current  of  air. 

2.  The  deduction  of  Renault's  formula  from  the  following  fundamental  hypotheses : 

(a)  That  the  thm  layer  of  air  that  supplies  heat  to  the  wet-bulb  thereby  falls 

to  the  temperature  f. 

(b)  That  the  heat  used  up  in  evaporation  comes  only  from  this  thin  layer, 
(o)  That  this  layer  is  completely  saturated  at  the  temperature  I'. 

3.  From  the  above  is  deduced  the  following  formula : 


x=f 


0.429  («—«')  h 


610— r 

But  Regnault  substitutes  0AO6  instead  of  0.429  in  order  to  accommodate  the  above 
to  actual  observations. 

Lecture  No.  DC. 
(March  9, 1882.) 

HTOROMETRT. 

1.  Maxwell's  theory  of  the  action  of  the  wet-bulb  thermometer,  based  on  the  considera- 

tion of  the  radiation,  conduction,  and  diffusion  of  heat  and  moisture. 

2.  The  deduction  of  Maxwell's  formula  from  the  following  fhndamental  hypotheses: 

(a)  That  the  thin  layer  of  air  is  quiescent  and  supplies  heat  to  the  wet-bulb 

only  by  conduction  and  radiation. 
(()  That  the  moisture  evaporates  only  by  a  process  of  diffusion. 

3.  From  the  above  is  deduced  £he  roUowing  formula : 


\  /     4»roD  , 


4.  The  similarity  between  Maxwell's  and  Regnault's  results,  showing  that  the  same 
formula  with  somewhat  different  constants  must  very  closely  represent  natnie. 
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Lecturk  No.  X. 
(March  16,  1882.) 

ACnNOMETERS. 

1.  Thickness  of  the  atmosphere  penetrated  hj  the  solar  rays.    Boagner,  Lambert, 

Pouillet,  La  Place, 

2.  Formula  for  intensity  and  absorption :  I=:Ap^yp=  the  coefficient  of  transparency 

varies  between  iV  and  -ff^;  A=  the  solar  constant  may  be  assumed  100,  iu  which 
case  the  Yalue  of  /  would  be  expressed  in  actinometric  degrees,  or  it  may  be  taken 
at  243,  which  gives  1  in  terms  of  Herscbell's  actines  per  secona  per  square  foot,  or 
if  ^  =  1.763,  according  to  Pouillet,  /  would  be  expressed  in  calories  per  minute 
per  square  centimeter.  One  calorie  is  the  amount  of  heat  required  to  raise  one 
kilogramme  or  liter  of  water  one  degree  Centigrade. 

3.  For  non-homogenous  rays  VioUe's  formula  may  be  used :  l=A(r\-A  (f  )e;  or  Crova's 

A 

formula  I=(l+a  c)''. 

4.  Methods  of  observing  solar  radiation : 

(a)  Heating  efiects:  Saussure,  helio-thermometer :  Leslie,  differential  ther- 

mometer; Herschel,  actinometer;  Rumford,  thermoscope;  Pouillet, 
pyrheliometer ;  Gasparin,  blackened  copper  globe;  Melloni,  thermo- 
electric pile ;  Violle,  absolute  actinometer ;  Lan|;ley,  bolometer. 

(b)  Optical    effects:  Photometers  by  Bouguer,  Ritchie,  Rumford,  Bunsen, 

Arago. 
(o)  Chemical  effects:  Draper,  tithonoscope ;  Bunsen  andRoscoe,  chemical  acti- 
nometer ;  Marchand,  chlorine  actinometer ;  Becquerel  and  Moser,  Ball, 
Kuhne,  and  others,  photo-chemical  methods.    The  human  eye  is  also  a 
photo-chemical  actinometer. 

LSCTUBB  No.  XI. 
(March  23,  1882.) 

INSOLATION. 

This  was  an  abstract  of  the  results  given  by  Meeoh  in  his  work  on  intensity  of  sun- 
ligbt. 

Lbcture  No.  xn. 

(March  30,  1882.) 

MAGNETIC  APPARATUS. 

1.  General  idea  of  terrestrial  magnetism  as  presented  by  Gauss. 

2.  FormulsB  for  the  action  of  the  earth  or  otiier  body  upon  magnetic  needle. 

3.  (general  description  of  the  declinometer  or   unmlar  magnetometer;  methods  of 

making  and  reducing  observations  of  declination  and  horizontal  force. 

4.  (General  description  of  the  vertical  circle,  methods  of  making  and  reducing  observa- 

tions of  the  inclination  of  the  needle. 

Lecture  No.  Xni. 
(April  4,  1882.) 

GRAPHIC  METHODS. 

1.  Presentation  of  wind  resultants  and  total  movements. 

2.  Integration  by  means  of  the  planimeter. 

3.  Methods  of  projection  on  geographical  charts. 

4.  Possibility  of  representing  graphic  curves  by  means  of  a  harmonic  function. 

Lecture  No.  XIV. 

(April  6,  1882.) 

PERIODIC  FUNCTIONS,  &.C. 

1.  General  account  of  the  properties  of  the  periodic  formulce  invented  by  Fourier, 
Bessel,  &c. 
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2.  Propriety  of  considering  them  as  interpolation  formulae  only,  and  not  adapted  for 

extrapolation. 

3.  Corrections  to  daily,  monthly,  and  annual  means,  as  given  by  De  Forrest,  in  order 

to  obtain  normal  values. 

Lecture  No.  XV. 
(April  13,  1882.) 

THE  LAWS  OF  CHANCE  AND  PROBABILITT. 

1.  Theory  of  the  accuracy  of  observations. 

2.  Relative  chances  of  large  and  small  errors. 

3.  Methods  of  calculating  the  probable  error  of  the  average  of  a  number  of  observa- 

tions. 

Lecture  No.  XVI. 
(April  18,  1882.) 

FACILITY  OF  ERROR. 

1.  General  deduction  of  the  method  of  least  squares  (Hagen's  demonstration). 

Lecture  No.  XVII. 

(May  4,  1882.) 

DIURNAL  VARIATION  OF  THE  TEMPERATURE  OF    THE  AIR  DURING  THE   NIOHT-TIME. 

(Lectures  XVII  and  XVIII  were  an  abstract  of  the  memoir  of  Weilemann,  Zurich, 

1872.) 

1.  Mathematical  theory  of  the  laws  of  the  variation  of  temperature  in  the  absence  of 
the  sun,  namely,  n'om  sunset  to  sunrise,  taking  account  only  of  terrestrial  and 
atmospheric  radiation,  and  l^om  the  original  differential  equations  deducing  the 
final  result,  namely : 

The  values  of  h  shown  to  be  uniform  throughout  the  world  and  for  all  conditions 
of  cloudiness. 

Lecture  No.  XVIII. 

(May  9,  1882.) 

DIUHXAL  VARIATION  OF  THE  TEMPERATURE  OF  THE  AIR  DURING  THE  DAY-TIME. 

1.  Mathematical  theory  of  the  laws  of  temperature  variation  taking  solar  radiation 

into  account. 

2.  Differential  equations  are  the  same  as  before,  adding  a  term  for  the  sun,  whence 

integration  gives  the  following  final  result : 

<  =  u4-[ci  +  CB(^-|-J'+')]&'-fi>«(f+f«BiniP-|-4j,  cos«  z). 

Lecture  No.  XIX. 
(May  11,  1882.) 

VERTICAL  DISTRIBUTION  OF  TEMPERATURE  IN  THE  FREE  AIR. 

1.  General  ideas  on  the  ipechanical  theory  of  heat. 

2.  Law  of  diminution  of  temperature  in  ascending  dry  air. 

3.  Law  of  diminution  of  temperature  in  ascending  moist  air  when  no  condensation 

takes  place. 

4.  Diminution  of  temperature  when  condensation  takes  place,  namely,  inside  of  cloud 

masses. 

5.  Law  of  warming  in  descending  masses  of  air ;  explanation  of  the  Fohn. 
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Lecture  No.  XX. 


(May  15. 1882.) 

OEOORA.PHICAL  DISTRIBUTION  OF  ATMOSPHERIC  TEMPERATURE. 

1.  Meech  theoretical  distribution  of  solar  radiation. 

2.  Actnal  distribution  of  temperature  by  isotherois. 

3.  The  analytical  expressions  for  the  annual  mean  temperature  of  any  locality  and 

of  the  whole  globe. 

(a)  Brewster:  <  =  1°  +  81.8  sin  d 

(b)  Kirwan :  (  =  84°  +  53  sin*  0 

(c)  SchM  idt:  (  =  13.67  +  17.13  cos  2^ 

(d)  Kamtz:  i  =  —  18.22  +  50.92  cos'  ^  for  the  interior  of  the  American  con- 

tinent. 

(e)  Forbes:  <  =  12°  5  -|-  59.2  cos  *  Z;  +  38°.!  X  cos  2  X 

I  For  ocean  climate,  T=9o.737  -|-2o.511  sin  ^  + 

(/)  Von  Waltershausen :  <      11^.412  cos  2  ^ 

(  For  continental  climate.  T'=  6^.990 +22^.055  cos  2^ 
(g)  Schoch:  T=llo.99-f  31o.71  (cos«  /?— i)H-2o.66  8in/3cos/3cos^H-2o.49sin« 
(186G)        COS/32^ &c.,  &c.,  omitting  small  terms  of  the  spherical  har- 
monic jfunotions. 
mFerrel:  T=8o.50— lo.75 008^-200.95  cos 2 ^—lo.OO cos  3d— 2^.66  cos 4 ^ 

(1872) 
(i)  Hann:  T=4o.86-|- 6^.94  sin  ^+21^.14  cos  2^  for  the  southern  hemisphere. 
(1882) 

4.  General  average  temperature  of  the  whole  globe: 

Ferrel.    Hann. 
(a)  Northern  hemisphere 15.3 

(()  Southern  hemisphere 16.1(f)  15.4 

Whence  resnlts  the  equality  in  temperature  of  both  hemispheres. 

5.  The  temperatures  on  the  hypothesis  that  the  earth's  surface  is  unifoimly  all  water 

or  all  land,  as  deduced  from  Forbes's  formula : 


Latitude. 

Tempentnres. 

All  water. 

AUland. 

0. 

OF, 
7L7 
61.0 
12.6 

OF. 

109.8 

6L0 

-25.6 

45 

90 

Condnsion  of  the  course. 
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LECTURES  ON  PRACTICAL  ASTRONOMY. 

Bt  Mr.  W1N8LOW  Upton. 

War  Dbpaktment,  Office  of  the  Chief  Signal  Officer, 

WaBh%ngi4m,  D.  C,  June  30,  1882. 
Professor  Cleveland  Abbe  : 

Dear  Sir  :  I  have  the  honor  to  submit  the  following  report  npon  the  coarse  of  lec- 
tures in  practical  astronomy  delivered  by  me  before  the  class  under  instruction  at  Fort 
Hyer,  during  the  past  winter  and  spring. 

These  lectures  were  given  in  accordance  with  instructions  No.  11,  issued  January 
18,  1882,  which  specified  the  subjects  to  be  discussed  in  each  of  the  twenty  lectures, 
as  previously  suggested  by  n^yself.  The  order  there  given  was  strictly  adhered  to, 
and  no  changes  or  omissions  were  made  during  the  course. 

In  the  planning  and  carrying  out  of  a  series  of  lectures  on  astronomy  before  a  class 
of  men  who  were  preparing  for  the  duties  of  Signal  Service  observers,  it  was  neces- 
sary to  k(*ep  distinctly  in  mind  the  relations  existing  between  the  allied  sciences  of 
astronomy  and  meteorology,  and  also  the  possible  benefit  which  students  in  the  latter 
science  may  derive  from  a  Knowledge  of  tne  methods  of  the  former.  It  would  be  of 
no  direct  benefit  to  observers  of  the  service  to  study  astronomy  as  a  theoretical  science, 
or  to  learn  the  minute  details  of  the  methods  employed  by  astronomers  in  their  special 
Investigations,  except  as  a  means  of  individual  culture.  Bat  it  would  be  an  advan- 
tage to  them  in  their  meteorological  duties  to  understand  the  general  methods  of 
work  adopted  by  astronomers  in  dealing  with  such  practical  problems  as  those  of  lati- 
tude, longitude,  time,  and  determination  of  a  meridian,  for  these  problems  are  closel  v 
allied  to  the  problems  of  meteorology,  and  are  occasionally  a  direct  part  of  the  work 
of  an  observer  in  the  Signal  Service.  In  addition,  the  delicate  atljustments  and  re- 
fined methods  of  work  which  are  constantly  required  of  the  practical  astronomer 
might  well  be  copied  by  the  meteorologist  in  his  investigations.  With  these  consid- 
erations in  mind,  and  aiming  to  make  the  series  of  lectures  as  far  as  possible  directly 
useful  to  the  men  under  innruction,  I  followed  no  text-book,  but  adapted  the  course 
fh)m  various  sources  as  seemed  best  for  the  objects  in  view. 

The  lectures  were  delivered  extemporaneously,  aided  by  a  skeleton  outline  of  the 
subject-matter  of  each  lecture.  At  tne  beginning  of  each  lecture,  lithographed  notes 
were  furnished  the  students  which  contained  a  fuU  outline  of  the  lecture  of  the  day 
nearly  as  complete  as  the  notes  prepared  for  my  own  use.  These  outlines,  which  are 
appended  to  tfds  report,  were  not  intended  as  an  abstract  of  the  lectures,  but  rather 
as  a  statement  of  the  subjects  treated  and  the  order  and  method  of  their  discussion, 
for  the  assistance  of  the  men  in  following  the  lecturer.  From  them  it  will  be  seen 
that  at  the  outset  the  fundamental  conceptions  of  practical  astronomy  and  the  terms 
used  were  explained,  and  on  subseanent  days  these  were  followed  by  a  discussion  of 
the  subjects  of  time,  lon^tude  and  latitude,  and  kindred  topics.  These  were  viewed 
from  a  practical  standpoint,  and  fm^gestions  as  to  the  care  of  instruments  and  minor 
details  m  their  use  were  frequently  given .  In  some  cases  extra  problems  were  assigned, 
and  a  sextant  was  placed  at  the  disposal  of  the  class  for  some  weeks.  The  full  benefit 
of  a  course  in  practical  astronomy  can  only  be  obtained  when  a  number  of  instru- 
ments, such  as  transits^  sextants,  and  zenith-telescopes,  are  furnished  the  class  and 
used  under  the  immediate  supervision  of  the  instructor.  As  this  was  not  possible, 
on  account  of  the  size  of  the  class  and  the  lack  of  instruments,  the  course  of  lectures 
was  delivered  under  the  disadvantage  of  offering  but  little  practical  experience  in 
the  use  of  instruments. 

Special  prominepce  was  given  to  furnishing  references  to  the  authorities  whose 
works  mignt  be  consulted  by  the  students.  There  are  available  for  the  use  of  students 
at  Fort  Myer  several  copies  each  of  Chauvenet's  Theoretical  and  Practical  Astronomy, 
in  2  volumes,  Newcomb  &,  Holden's  Astronomy,  Bowditch's  Useful  Tables,  and  the 
American  Ephemeris  and  Nautical  Almanac  for  1882.  To  these  works  frequent  refers 
ences  were  made,  and  where  these  were  not  sufficient  others  were  mentioned,  access 
to  which  might  be  obtained  in  the  library  of  this  office.  In  certain  cases  in  which 
the  subjects  can  be  found  treated  only  in  pamphlets,  or  in  which  discussion  is  at  the 
present  going  on,  such  as  standard  time  and  time-balls,  it  was  the  aim  to  present  a 
careful  statement  of  the  topic  as  at  the  present  time  understood ;  and  where  it  is  the 
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snbject  of  controversy,  to  give  the  various  views  advocated  with  the  argaments  ad- 
vanced for  each. 

No  regular  recitations  were  required,  bat  general  questions  were  irec[uently  asked 
upon  previous  lectures,  and  opportunity  was  always  afforded  for  questions  from  any 
member  of  the  class  before  and  after  the  lecture,  as  also  at  any  time  during  its  deliv- 
erjr.  The  members  of  the  class  were  required  to  take  notes,  and,  in  a  large  majority 
of  cases,  these  show  close  attention  to  the  lectures  and  that  thesul)jects  were  well  un- 
derstooa. 

I  take  pleasure  in  referring  to  the  excellent  order  maintained  by  the  class,  and  the 
uniform  attention  and  interest  with  which  the  lectures  were  received. 
I  am,  very  respectfully,  yours, 

WINSLOW  UPTON, 
Ccmputefy  0.  C,  S.  0, 
Lecture  No.  I. 

AfiTRONOMICAL  CONCEPTIONS— MOTIONS  OF  THE  HEAVENLY  BODIES. 

In  the  problems  of  practical  astronomy  to  be  discussed  in  these  lectures,  the  universe 
la  regarded  as  a  vast  mechanism,  the  motions  of  which  are  regulated  by  fixed  laws. 
The  heavenly  bodies  are  considered  simply  as  parts  of  this  mechanism,  and  the  immu- 
table working  of  the  laws  governing  their  motions  enables  us  to  solve  problems  of 
practical  interest  to  men. 

THE  CELESTIAL  8PHERK. 

From  this  point  of  view  the  fundamental  conception  of  astronomy  is  that  of  the 
celestial  sphere,  which  is  a  sphere  of  indefinite  radiu$.  The  elements  of  the  celestial 
sphere  are — 

1.  Its  centre,  which  is  the  centre  of  the  earth.  This  mav  usually  be  regarded  as 
coincident  with  the  position  of  an  observer  on  any  part  of  the  earth's  surface,  but  it 
is  sometimes  necessary  to  regard  the  relative  positions  of  the  observer  and  the  earth's 
centre. 

2.  Portions  of  the  radii  of  the  sphere,  drawn  from  its  centre  to  the  various  heavenly 
bodice.  The  surface  of  the  sphere  has  no  real  existence,  but  is  simply  a  conception  of 
the  mind  to  aid  it  in  conceiving  of  angular  measurements.  The  celestial  sphere  enables 
us  to  regard  the  relative  directions  of  the  heavenly  bodies^  but  not  their  distances 
either  from  the  earth  or  front  each  other. 

SPHERICAL  CO-ORDINATES. 

The  relative  directions  of  two  points  may  be  expressed  by  the  angles  between  the 
lines  of  direction  drawn  from  the  observer.  Since  angles  are  measured  by  arcs  on  the 
surface  of  a  sphere,  angular  measurements  upon  the  celestial  sphere  are  made  by  the 
aid  of  a  system  of  circles,  viz. — 

1.  The  Primary  Great  Circle. 

2.  Great  Circles  perpendicular  to  the  Primary  and  intersecting  each  other  at  its  poles, 
called  Secondaries. 

3.  Small  Circles  parallel  to  the  Primary,  called  Tertiaries. 

The  position  of  any  point  on  the  Sphere  is  defined  by  two  spherical  co-ordinates — 
(a)  the  distance  of  the  point  from  the  Primary  measured  on  a  Secondary  ;  (h)  the  arc 
of  the  Primary  intercepted  between  this  Secondary  and  some  point  of  the  Primary 
adopted  as  the  origin  of  co-ordinates.  The  selection  of  the  Primary  and  of  the  origin 
of  co-ordinates  determines  three  systems  of  co-ordinates  use^i  in  Astrono'i  y.  These 
systems  are  the  Horizontal,  Equatorial,  and  Ecliptic  systems.  The  names  applied  to  the 
circles  used  in  each  system,  together  with  the  co-ordmates  and  origin  of  co-or<linate8 
for  each,  are  exhibited  in  the  following  scheme: 


Primary 

Saoondariea 

Tertiaries 

Co-ordinates  <^ 

Origin  of  co-ordi- 
nates. 


HorLzontaL 


Horizon 

Vertical  circles 

Parallels  of  altitude. 

Altitude 

Azimuth  

South  point  of  hori- 
zon. 


Celestial  equator. . 
Declination  circles. 
Parallels  of  decli- 
nation. 
Declination  . 
Right  ascension. . . 
Vernal  equinox  . . . 


Celestial  equator 

Hour  circles    . 

Parallels  of  declina- 
tion. 

Declination 

Hour  an^le 

Intersection  of  equa- 
tor and  the  meri- 
dian. 


Ecliptio. 


Ecliptic. 

Circles  of  latitude. 
Parallels    of   lati- 
tude. 
Latitude. 
Lon;;itude. 
Vernal  equinox. 
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The  Ecliptic  ays  tern  is  less  frequently  nsed  than  either  the  Horizontal  or  the  Equa- 
torial, and  the  Tertiaries  of  all  three  systems  are  rarely  employed. 

The  poles  of  the  horizon  are  known  as  the  zenith  and  the  nadir.  The  vertical  cir- 
cle, whose  plane  passes  through  the  axis  of  the  earth,  i.  «.,  which  passes  through  the 
zenith  and  the  pole  of  the  equator,  is  called  the  celestial  meridian;  it  coincides  with 
the  declination  circle  passing  through  the  zenith.  The  vertical  circle,  perpendicular 
to  the  meridian,  is  called  the  Prime  Vertical. 

The  declination  circle,  passing  through  the  vernal  equinox,  is  the  equinoctial  colure. 
Azimuth  is  reckoned  from  the  south  towards  the  west.  Hour  angles  are  reckoned 
from  that  intersection  of  the  meridian  and  equator  which  is  above  the  horizon  towards 
the  west,  right  ascension  from  the  vernal  equinox  towards  the  east.  Both  hour 
angles  and  right  ascensions  are  generally  expressed  in  time  (1^=15^). 

MOTIONS  OF  THE  HEAVENLY  BODIES. 

Motion  may  be  either  apparent  or  real.  In  the  problems  before  us  apparent  motions 
are  almost  exclusively  considered.    We  consider — 

1.  The  diurnal  motion,  caused  by  the  rotation  of  the  earth  And  made  apparent  by 
the  seeming  rotation  of  the  heavens.  The  apparent  diurnal  motion  is  determined  by 
the  geographical  position  of  the  observer. 

2.  The  annual  motion,  caused  by  the  orbital  motion  of  the  earth  around  the  sun, 
and  made  apparent  by  the  movements  of  the  sun  and  other  heavenly  bodies,  as  shown 
by  a  comparison  of  their  positions  from  day  to  day. 

3.  The  proper  motions  of  the  planets,  especially  of  the  moon,  caused  by  their  or- 
bital motion,  and  made  apparent  by  their  motions  relative  to  the  fixed  stars.  Both 
the  annual  and  proper  motions  are  regarded  as  modifications  of  the  apparent  diurnal 
motion. 

Lecture  No.  II. 

(January  16,  1882.) 

celestial  measurements. 

A  great  circle  is  one  whose  plane  passes  through  the  center  of  the  sphere.  Measure- 
ments upon  the  celestial  sphere  are  made  upon  great  circles. 

The  measurement  of  angles  is  the  basis  of  astronomical  work.  This  may  be  done  in 
two  ways: 

(1.)  By  direct  measurement  with  the  aid  of  suitable  instruments. 

(2.)  By  indirect  measurement  through  the  diurnal  motion  of  the  heavens. 

The  direct  measurement  of  an  angle  is  made  in  one  of  the  Ibllowing  ways : 

1.  By  a  graduate  arc. 

For  the  purpose  of  reading  the  graduations  there  are  several  devices  employed : 

(a)  The  magnifier,  which  enables  the  observer  to  distinguish  the  minut'O  divisions 
of  the  graduation.  The  necessity  of  liaving  the  arc  graduated  into  minute  spaces  is, 
however,  obviated  by  the  use  of— 

(6)  The  vernier ; 

(o)  The  reading  microscope, 
by  the  aid  of  which  the  observer  can  measure  with  precisionJractional  parts  of  a 
division  of  the  graduated  arc. 

2.  By  a  micrometer. 

This  instrument,  like  the  reading  microscope,  measures  small  spaces  by  the  revolu- 
tions of  a  finely -out  screw,  the  hesA  of  which  is  divided  into  graduations. 

3.  By  a  spirit  level. 

This  instrument  measures  small  inclinations  by  the  aid  of  graduations  upon  the 
glass  tube  of  the  level. 

The  indirect  measurement  of  angles  is  effected  by  time-pieces  and  the  observation  of 
transits  of  heavenly  bodies. 

The  solution  of  problems  is  accomplished  by  combining  the  observations  of  angles 
upon  the  principles  of  plane  and  spherical  trigonometry. 
References,  lectures  1  and  2: 

Chauvenet's  Astronomy,— I;  1,  ^  1-9.    II;  2,  J  J  17-22,  40-42,  51-5.5. 
Loomis*  Practical  Astronomy, --(37)— (41),  (141)--(143). 
Newcomb  &  Holden's  Astronomy, — ^Int.  1,  $$  2-4,  7;  2,  $$  5,  6. 

Lecture  No.  III. 
(January  23,  1882.) 

TIME.— clocks  and  CHRONOMETERS. 

The  diurnal  combined  with  the  annual  motion  furnishes  the  means  of  measuring 
time.    There  are  in  current  use— 
(1.)  Sidereal  time. 
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(2. )  Moan  solar  time. 

The  sidereal  day  is  the  interval  of  time  between  two  successive  transits  of  the  same 
star  over  the  same  meridian ;  it  measures  the  true  time  of  a  revolution  of  the  earth 
upon  its  axis,  and  is  shorter  by  S"^  50*  than  the  mean  solar  day  used  in  ordinary  life ; 
the  sidereal  year  contains  one  more  day  than  the  civil  year.  A  sidereal  clock  indi- 
cates 0**  0*"  0"  when  the  vernal  equinox  passes  the  meridian  of  the  observer ;  sidereal 
time  thtfrefore  differs  for  the  various  places  on  the  earth  by  their  difference  of  longi- 
tude. The  sidereal  time  at  any  moment  is  identical  with  the  right  ascension  of  all 
stars  that  are  at  that  moment  crossing  the  meridian. 

The  apparent  solar  day  is  the  interval  of  time  between  two  successive  transits  of 
the  sun  over  the  same  meridian;  apparent  solar  time  at  any  moment  is  the  hour  angle 
of  the  sun  at  that  moment.  The  mean  solar  day  is  the  average  of  the  apparent  solar 
days  for  a  year.  The  difference  between  apparent  and  mean  solar  time  is  due  to  the 
fact  that  the  sun  does  not  move  in  right  ascension  with  uniformity.  This  lack  of  uni- 
formity is  due  to  two  causes: 

(1.)  The  sun  does  not  move  in  the  equator,  but  in  the  ecliptic. 

(2.)  The  sun's  motion  in  the  ecliptic  is  not  uniform. 

The  difference  between  apparent  and  mean  solar  time  is  called  the  Equaiion  of  Time; 
its  maximum  value  is  16"^.3. 

The  conversion  of  mean  solar  to  sidereal  time  is  most  readily  made  bv  the  aid  of 
the  Nautical  Almanac,  which  gives  the  sidereal  time  of  mean  noon  for  eacn  day  of  the 
year,  and  also  tables  for  the  acceleration  of  sidereal  over  mean  time. 

Chronometers  and  clocks  adjusted  to  either  sidereal  or  to  mean  time  are  used  to  in- 
dicate the  time.  In  their  oonstruction  irregularities  in  running  due  to  changes  of 
temperature  are  guarded  against  as  far  as  possible — in  chronometers  by  the  compen- 
sation balance,  in  clocks  by  the  gridiron  or  mercurial  pendulum. 

References: 

Chan venet's  Astronomy, — I,  2,  $$37--56;  U,  3. 
Newcomb  &  Holden's  Astronomy, — I,  $  5 ;  2,  ^  3. 

Lecture  No.  IV. 
(January  30,  l682.) 

OBSERVATIONS  FOR  TIME. 


N 


The  local  time  at  any  place  is  readily  found  when  the  hour  an^le  of  any  known 
heavenly  body  is  given.  The  difference  between  the  time  thus  obtamed  and  the  in- 
dication of  the  clock  is  the  clock  correction. 

Let  O  =  the  sidereal  time,  a  =  star's  right  ascension,  t  =  star's  hour  angle — 

Then  t  =  e  — a,or  e  =  <  +a 

The  reduction  to  mean  time  is  most  readily  made  by  means  of  the  data  furnished 
in  the  Nautical  Almanac.  If  the  body  is  the  sun,  the  ^iven  hour  angle  is  the  appar- 
ent solar  time,  from  which  the  mean  solar  time  is  obtained  by  applying  the  equation 
of  time. 

Observations  for  time  are  made  to  determine  the  clock  correction  at  a  given  moment. 
The  following  are  the  methods : 

1.  By  Transits  -  i  il'l  Mendian  transits. 

^  )  (2.)  Extra-mendian  transits. 

2.  By  Altitudes-?  ^l'\  ?!"e^^  altitudes. 
Ajj  -ixxv  1,1*  ^  ^2,)  Equal  altitudes. 

The  method  of  meridian  transits  in  theory  is  the  simplest,  and  is  capable  of  the 
highest  accuracy.  The  observation  consists  in  noting  by  the  clock  the  instant  of  a 
star's  passage  over  the  meridian.  The  local  sidereal  time  is  the  star's  right  ascension 
(a)  whence,  if  T  is  the  observed  time  and  A  T  the  clock  correction,  —  A  T=a —  T. 
If  the  clock  is  regulated  to  mean  time,  the  sidereal  time  or  star's  right  ascension 
must  first  be  reduced  to  its  corresponding  mean  time  (T'),  whence  AT=T' — T. 
The  need  of  determining  corrections  lor  small  deviations  of  the  instrument  from  the 
meridian  complicates  the  method  in  practice.  When  the  instrument  is  far  from  the 
meridian  (extra-meridian  transits)  the  method  is  still  further  complicated. 

In  the  method  of  single  altitudes,  the  altitude  of  a  star  is  measured  at  a  time  noted 
by  the  clock,  and  the  hour  angle  computed  by  the  aid  of  the  spherical  triangle  be- 
tween the  star,  the  zenith,  and  the  pole.  If  the  times  are  noted  when  the  altitudes 
are  equal  on  both  sides  of  the  meridian,  the  mean  of  the  two  times  is  the  clock-time 
of  the  meridian  transit.  This  is  the  method  of  equal  altitudes.  When  the  sun  or  a 
planet  is  observed,  its  motion  between  the  observations  must  be  regarded. 
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The  instraments  employed  in  these  observations  are  transit  instrnments — 0.  g.f  me- 
ridian-circle, portable  transit ;  altitade  instruments — e.  g.,  nniversal  instrument|  sex- 
tant. 
References : 

Chauvenet's  Astronomy, — I,  V. 
Loomis'  Practical  Astronomy, — V. 

Lectures  Nos.  V  and  VI. 

(February  6  and  13,  1882.) 

THE  TRANSIT  INSTRUMENT. 

The  transit  instrument  is  made  in  various  forms,  but  its  essential  parts  are  (1)  the 
axis,  (2)  the  telescope,  which  contains  in  its  focus  a  system  of  vertical  threads,  by  the 
aid  of  which  transits  are  observed.  The  adjustments  are  effected  by  a  finder  (which 
is  usually  a  grraduated  circle),  fkapirit-levelf  and  a^uaiing  «cr0tr«  for  altering  the  inclina- 
tion and  azimuth  of  the  instrument.  A  reversing  carriage  is  added  to  all  instruments 
except  those  of  the  smallest  size. 

The  observation  in  all  cases  consists  in  noting  by  a  time-piece  the  several  instants 
at  which  a  star  crosses  the  threads  in  the  field  of  the  telescope.  There  are  two 
methods: 

a.  By  eye  and  ear. 

fr.  By  chronograph. 

FcrmuhB, — ^The  general  problem  to  be  solved  is,  to  find  the  hour  angle  of  a  star  ob- 
served on  a  given  thread  of  the  instrument. 

Flo.  2. 
N 


\ 


W 


**%/ 

P 

^^^JSm) 

A 

Let  P = pole  of  the  heavens. 

Z  =  zenith. 

^  =  latitude  of  observer. 

^= point  at  which  the  axis  of  the  instrument,  if  prolonged  towards  the  toMt,  would 
meet  the  celestial  sphere. 

O  =  star  as  it  crosses  a  thread  which  would  describe  the  circle  n  «  when  the  tele- 
scope is  revolved. 

Let  the  co-ordinates  of  the  point  ^1  be  as  follows : 

5  =  altitude. 
90  —  a  =  azimuth  (reckoned  from  the  south). 

11  =  declination. 
90  —  m  =  hour  angle. 

In  the  triangle  NZA^vq  have— 

NZA  =  90  -j-  a  "j  (1)  sin  n  =  sin  b  sin  0  —  cos  (  sin  a  cos  ^ 

ZA  =  90  —  h    \  (2)  cos  n  cos  m  =  cos  h  cos  a 

ZPA  =  90  —  m  >  (3)  cos  n  sin  m  =  sin  h  cos  ^  -|-  cos  (  sin  a  sin  A 

P^  =  90  — n 

PZ=90  — ^ 

The  oollimaUon  axis  is  a  line  drawn  from  the  center  of  the  object  glass  perpendicu- 
lar to  the  rotation  axis.  It  would  describe  in  the  heavens  a  great  oirole  N'  S'  when 
the  telescope  is  revolved. 
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Let  o=the  angular  distanoe  from  the  thread  upon  which  the  star  at  O  is  obserred 
to  the  oollimation  axiii. 

6  =  deelinatioii  of  O. 

r  =  hoar  angle  of  O  east  of  the  meridian. 

Then,  in  the  triangle  ^PO,  we  have —  ^ 

jp=90--n  ) 

A0  =  90'\-c  I  — Bin  c  =  sin  n  sin  <^  —  cos  n  cos  d  sin  (r  —  m), 

PO  =  90— (5  >      or 


JPO=90--m  +  r 
=  90H-u— w) 


(4)  sin  (r — m)  =  tan  n  tan  d  +  sin  o  sec  n  see  (5. 


The  quantities  designated  by  a,  bf  and  c  are  called  the  azimuth,  level,  and  collima- 
tion  constants,  respectively,  and  should  be  expressed  in  units  of  time.  In  the  ac^ust- 
raent  of  an  instrument  to  tne  meridian,  it  is  tlie  aim  to  make  these  constants  as  small 
as  possible.  We  can  then  substitute  the  quantities  themselves  for  their  sines  or  tan- 
gents and  put  their  cosines  or  secants  equal  to  1. 

Equations  (1),  (3),  and  (4)  will  then  become — 

(5J  «  =  ft  sin  ^  —  a  cos  ^. 

(6)  m  =  &  cos  ^-^a  sin  ^. 

(7)  ^  =  m  +  n  tan  (5-f  osec  (5.     (Bessel.) 

From  (5)  and  (6)  we  have — 

(8)  b  =  m  cos  ^-^-n  sin  ^. 
whence  (9)  m=  6  s<^c  ^  —  n  tan  ^. 

Substituting  (9)  in  (7),  we  have— 

(10)  r  =  &  sec  0-{-n  (tand  —  tan  9) -|- o  sec  d.    (Hansen.) 

If  we  substitute  in  (7)  the  values  of  m  and  n  from  (5)  and  (6),  we  obtain — 

(ll)r=a?iB_(i:Z^  +  6^-2i(ilzi)4.osecd.    (Mayer), 
cos  6  cos  <J 

which  is  of  the  form — 

T  =  aA-^bB-^oC, 

The  clock  correction  is  now  easily  obtained,  for  if  a  =  star's  right  ascension,  and 
T  and  ^  T  =  clock  time  as  observed  and  clock  correction  respectively,  then 

a=T+AT  +  r;  or,  AT  =  o  — (T  +  r). 

The  relations  of  the  co-ordinates  of  the  point  A  are  illustrated  by  the  following 
diagram: 

Fro.  8. 


g  a     w 


W  =  west  point  of  horison. 
HW  =  horizon. 
EW  =  equator. 
/W  ^  m  =  mi -|- iNs. 

^A  =  5  =  fri  -|-  fri. 

A/=n. 

gyr=a. 

EWH  =  90  — f 
Ax/=  Wxg  =  ^. 
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From  the  triangles  Afx  and  W<ix  it  is  easy  to  obtain  the  equations  (5)  and  (6),  if 
we  regard  these  triangles  as  plane  triangles  and  apply  the  formnlss  of  plane  trigo- 
nometry. 

The  threads  are  usually  spider-lines  or  lines  ruled  on  ^lass,  their  number  varying 
from  5  to  25.  The  mean  of  the  threadSf  which  nearly  coincides  with  the  middle  thread| 
is  the  reference  thread  m>m  which  c  is  reckoned.  The  thread  intervals  are  obtained 
from  the  formula — I  =  %  sec  d,  in  which 

t  =:  the  equatorial  interval  of  a  thread  from  the  middle  thread. 
/=  the  interval  for  the  declination  d. 

The  level  constant  (()  is  determined  by  the  spirit-level,  the  azimuth  (a),  and  colli- 
mation  (c)  constants  by  computation  from  the  observations. 
References : 

Chauvenet's  Astronomy  II,  V. 

Loomts'  Astronomy,  2. 

Newcomb  &  Holden's  Astronomy,  2^4. 

Lecture  No.  VII. 

(Febraary  20, 1882.) 
REDUCTION  OF  TRANSIT  OBSERVATIONS. 

In  the  selection  of  stars  for  observation,  care  should  be  taken — 

(1.^  That  those  stars  are  chosen  whose  positions  have  been  well  determined. 

(2.)  That  those  stars  are  chosen  which  will  give  the  instrumental  consti^nts  and 
clock  correction  with  accuracy. 

For  the  former  purpose,  stars  whose  coefficients  (A  and  C)  differ  widely  are  needed, 
which  necessitates  the  adoption  of  stars  both  north  and  south  of  the  zenith ;  for  the 
latter  purpose  stars  whose  coefficients  (A,  B,  and  C)  are  small  are  needed,  which  re- 
quires the  rejection  of  stars  that  lie  far  north  of  the  zenith.  A  suitable  combination 
of  stars  and  such  a  discussion  of  the  equations  as  corresponds  to  the  demands  of  each 
case  is  required. 

Example  1. 

[From  United  States  Coast  Sorrey  Bei>ort,  1866,  Appendix  0.] 

•  Telegraph  Hill, 

San  FranciacOf  CaL.June  19, 1853. 


^  =  37°  48'.0.    1  div.  of  level  =  0#.0955. 


Star. 


Declination 

Clamp 

LeveL  E.  &  W. 


Mean  of  transits  ■ 
Bight  aacension . . 


A 
B 

a 


bB 


a  Yirginis.  i)  TJrs.  Mivj. 


o        / 

-10      24 
W. 
22.2  26.6 
21. 4  28. 0 
h.  m.    t, 
13  17  16. 49 
17  28.05 


+50        3 
W. 
20. 7  29. 6 
22.6  28.4 
h.  m.    t. 
13  41  33. 64 
41  45.89 


.76 

.68 

L02 

.263 

+.18 


—.33 
L52 
L56 
.351 

+.53 


T^Bootis.    1125,T.Y.C. 


o 
+19 


W. 


8 


k.  m.    9. 
13  47  80. 04 
47  42. 15 


.34 
LOO 
LOO 


+.85 


+65       7 
E. 
26. 1  26. 3 
23.7  29.3 
h,  m,    9. 
14    0  13.74 
0  26.76 


1181,  T.Y.C. 


o 

/ 

-9 

33 

B. 

h.  fn,    9, 
14    4  52.70 
5    4.75 


-1.09 

2.11 

2.38 

.138 

+.29 


.76 

.69 

LOl 


4.10 


a  Bootis. 


o       » 

+19      57 
E. 
23. 7  29. 3 
26. 3  27. 0 
h.  m,    9. 
14    8  46. 38 
8  58.54 


.33 
LOl 
L06 

.151 
+.15 
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Formula:  o  =  r+Ar+a-<l  +  6B  +  cC7;  or,  O  =[T-\-bB—a\-\-<iA-\-eO. 


9. 

-.27 

ea 

(1.)  0  = 

-  11.38  + AT  +   .76a  +  1.02c 

—J—-  0— 11.57+AT+.55a+1.04« 

-.13 

••   • 

AT  =+11. 78 

(2.) 

-11.82  + AT-   .33 a+ 1.56c 

-^Y"  -  0= -11.08+ AT+.54a-1.04c 

+.12 

-.10 

1L80 

(3.) 
(4.) 

-11.76  +  Ar+   .34a+1.06e 
- 12.73  +  AT  -  1.00  a-  2.88tf 

(7.)         0=-.25    -  .88a-^  .62c 
(8.)            =-.76    -1.63a— l.d4c 

-.12 
+.30 

-.13 
+.30 

12.01 
12.04 

(5.) 

- 11.96  + AT  +   .75  a- 1.01c 

c=-.124. 

-.27 

+.13 

12.00 

(8.) 

-12.01+ AT  +  .33  a- 1.06c 

a  =  -  .358. 

-.12 

+.13 

12.00 

(7.)=(2) 

AT=+11.07 

Example  2. 

Washington,  June  21,  I860. 

^  =  380  54'    c  =  — '.OOl    6  =  -M12. 


a) 

<2) 
(3) 
(4) 
<5) 


T. 


^  Bootia  .. 
<*  Bootia  .. 
a'  LibrsD.. 

^  Bootia... 


h.  tn.    $. 

14  21  37. 44 
40  16. 12 
44  46.06 
61  33.48 
67  56.71 

a  flrom  (3) 


a. 


8. 


m,  i. 
21  9.73+52  24 
30  47. 0.1  +27  34 
44  18.08-15  33 
51  7.54+74  38 
57  28. 60+40  51 

&  (4)  =  -1.10. 


A, 


-  .38 
,+  .23 
1+  .84 
1-2.22 

-  .05 


B. 


O.      oA.  I  bB. 


eC. 


AT. 


1.68 
Lll 
.60 
3.06 
1.32 


9. 

§. 

L63 

+  .45  —  33 

1.13 

-  .27 -.24 

1.04  -i.oo-.i:j 

3.77 

+2.64-.65 

1.32 

+  .06 

-.28 

». 

i. 

.10 

-27.73 

.07 

.50 

.06 

.69 

.23 

.70 

.08 

.72 

AT  =-27.60 


Lecture  No.  VIII. 
(Februaxy27, 1882.) 

LONGITUDE. 

The  longitude  of  a  place  on  the  earth's  surf&ce  is  the  angle  included  between  the 
meridian  of  the  place  and  the  reference  meridian.  It  is  measured  by  the  time  required 
for  a  star  to  pass  between  the  two  meridians.  The  difference  of  longitude  between 
two  places  equals  the  difference  of  their  sidereal  times,  and  also  the  difference  of  their 
mean  solar  times  at  the  same  absolute  instant.  As  the  local  time  is  easily  obtained 
by  observation,  the  problem  of  determining  the  difference  of  longitude  reduces  itself 
to  the  determination  of  the  corresponding  time  at  the  second  place,  or  to  the  devising 
of  means  of  communication  between  the  places  by  which  this  time  can  be  made 
known. 

Astronomical  methods  of  determining  differences  of  longitude  are  of  several  classes : 

1.  Terrestrial  sienals. 

^1.)  Flashes  or  other  signals  visible  at  both  places. 

(2.)  Telegraphic  signals — either  the  transmission  of  clock  beats  or  the  record 
of  star  transits.  This  is  the  most  accurate  method  known,  and  is  appli- 
cable to  the  limits  of  telegraphic  communication. 

2.  The  transportation  of  chronometers.  By  this  method  longitudes  at  sea  are  mainly 
determined.  It  has  also  been  successfully  used  in  determining  differences  of  longitude 
between  observatories. 

3.  The  observation  of  celestial  phenomena  which  occur  at  an  absolute  instant,  the 
time  of  which  at  Greenwich  or  other  reference  meridian  in  known. 

(I.)  Eclipses,  occultations,  or  transits  of  Jupiter's  satellites. 

(2.)  Eclipses  of  the  sun  or  moon. 

(3.)  Occultations  of  stars  by  the  moon. 
Eclipses  of  the  sun  and  occultations  are  the  most  accurate  of  this  class,  but  their 
infreqnency  and  the  laborious  computations  required  prevent  the  general  use  of  the 
method. 

4.  Observations  of  the  moon. 

(1.)  Lunar  altitudes. 
(2.)  Lunar  culminations. 

i3.)  Lunar  azimuths. 
4.)  Lunar  distances. 
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The  method  of  lunar  culminations  is  the  most  accurate  of  this  class,  but  that  of 
lunar  distances  is  the  most  frequently  employed,  especially  at  sea,  where  the  use  of 
portable  instruments,  as  the  sextant,  is  a  matter  of  necessity. 
References : 

Chauvenet's  Astronomy,  I,  VII. 
Loomis'  Practical  Astronomy,  XH. 
*      Newcomb  &  Holden's  Astronomy,  1,  $  6. 

Lecture  No.  IX. 
(March  6,  1882.) 

DISTRIBUTION  OF  TI3[E-SIGNALS. 

The  automatic  distribution  of  time  is  effected  b^  means  of  electric  attachments  of 
the  clock  which  1  ransmits  the  signals.  This  clock  is  constantly  corrected  for  its  errors, 
as  determined  by  observation,  by  the  use  of  small  weights  applied  to  the  pendulum,  or 
by  a  magnet  which  hastens  or  retards  its  vibration.  The  electric  attachments  are  of 
two  kinds. 

(  .)  External  to  the  works  of  the  clock,  consisting  of  a  knife-edge  secured  to  the 
pendulum-rod,  which  makes  electric  contact  by  cutting  through  a  globule  of  mercury 
contained  in  a  cup  fastened  in  an  adjacent  position. 

(2. )  Internal  connections,  consisting  of  one  or  more  wheels  in  the  clock-movement, 
whose  teeth  move  a  delicate  spring  and  thus  cause  the  breaking  or  closing  of  the  cir- 
cuit at  definite  intervals. 

The  communication  of  the  signals  by  means  of  the  telegraph  is  effected  in  the 
simplest  way  by  sounders  or  galvanometers  placed  in  the  circuit. 

Tne  regulation  of  clocks  is  alpo  directly  secured  by  the  electric  signals  in  several 
ways: 

(1.)  The  motive  power  of  the  clock  may  be  the  electric  current. 

(2. )  The  electric  current  may  be  used  simply  to  control  the  motion  of  the  pendulum 
or  the  movement  of  the  clock. 

(3.)  The  clock  hands  may  be  set  at  definite  times  bv  the  action  of  the  current. 

The  communication  of  time-signals  is  also  effected  by  means  of  compressed  air, 
which  conveys  impulses  to  the  mechanism  attached  to  the  clock  dials.  This  system 
is  in  successful  operation  in  Vienna  and  Paris. 

The  distribution  of  electric  time-signals  takes  place  daily  over  extensive  areas  of 
country,  the  centres  of  distribution  being  in  general  the  astronomical  observatories. 
In  England  the  signals  are  sent  from  Greenwich,  and  by  the  telegraph  lines  of  the 
general  post-office  and  the  various  railways  is  transmitted  very  extensively.  In  the 
United  States  the  railways  and  the  jewelers  of  many  towns  and  cities  receive  the  sig- 
nals from  some  observatory.  The  leading  centres  of  distribntidn  are  the  United  States 
Naval  Observatory,  Harvard  College  Oroervatory,  Winchester  Observatory,  at  New 
Haven,  Conn.,  Allegheny  Observatory,  Dudley  Observatory,  at  Albany,  N.  Y.,  Cincin- 
nati Observatory,  Chicago  Observatory,  Morrison  Observatory,  at  Glasgow,  Mo.,  Ob- 
servatory at  Carleton  College,  Northfield,  Minn. 

Lecture  No.  X. 
(March  Id,  1882.) 

TIME-BALLS. 

The  public  distribution  of  time-signals  by  the  dropping  of  time-balls  is  of  growing 
importance  in  this  country.  It  deserves  attention  on  account  of  the  accuracy  which 
it  may  attain,  and  its  general  usefulness.  The  essential  parts  of  the  time-ball  equip- 
ments are — 

1.  The  Ballf  which  may  be  (1)  a  light  framework  covered  with  canvas ;  (2)  a  construc- 
tion of  vanes  of  copper,  disposed  radially,  and  having  the  appearance  of  a  solid  ball ; 
(3)  a  heavy  ball  of  metal,  e.  g.,  of  plates  of  sheet-copper.  The  ball  must  start 
promptly,  the  instant  of  the  9tart  beinff  the  time  to  be  noted. 

2.  The  Ma%i,  which  is  usually  encircled  by  the  ball. 

3.  The  HiA»ting  apparatus,  usually  a  rope  and  windlass. 

4.  The  ReleaHng  apparatus,  of  which  there  are  various  kinds,  which  differ  from  each 
other  only  in  the  method  employed  for  connecting  the  armature  of  the  electro-magnet 
operated  by  the  dock  with  the  rope  which  detains  the  ball  till  its  release. 
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5.  The  Betarding  apparatus  for  checking  the  descent  of  the  ball,  such  as  hand- 
brakes,  rubber  biufers,  air-cushions,  brakes  applied  automatically  by  the  ball  as  it 
falls. 

FXQ.  6. 


Releaalng  Apparatus  at  New  York. 

The  percentage  of  failure  in  dropping  a  time-ball  varies  fh>m  1  to  5,  due  to  breaks 
in  the  circuit,  to  storms,  &o.  In  good  weather  the  accuracy  of  the  signal  is  within 
one-half  a  second.  •    • 

Lecturb  No.  XI. 
(March  20, 18e2.) 

STANDARD  TIME. 

The  natural  units  of  time  are  the  day  and  year,  depending  upon  the  diurnal  and  an- 
nual motions  of  the  earth,  and  the  lunar  monihf  depending  upon  the  motion  of  the 
moon.  Subdivisions  of  these,  as  the  hour  and  week,  are  arbitrary,  and  have  varied 
among  difierent  nations  and  in  different  ages. 

The  day,  year,  and  month  bear  no  simple  relations  to  one  another.  The  various  at- 
tempts to  unite  them  in  a  system  have  ^ven  rise  to  numerous  calendars,  of  which  the 
Julian  and  its  modified  form,  the  Gregorian,  are  best  known.  The  ecclesiastical  cal- 
endar in  current  use  is  a  further  modification  of  the  Julian  calendar,  is  ingenious  but 
intricate,  and  seems  an  unnecessary  addition  to  a  system  already  too  complicated. 

The  different  times  at  which  the  day  is  considered  to  begin — noon,  sunrise,  sanset, 
midnight— are  a  source  of  confusion. 

The  simplification  of  the  local  times  in  daily  use  is  a  great  need  of  modern  times. 
This  is  attempted  by  two  steps : 

1.  By  the  adoption  of  one  standard  for  a  large  extent  of  country,  as  Greenwich 
time  for  the  whole  of  England. 

2.  By  such  harmony  among  the  adopted  standards  as  to  establish  a  system  of  inter- 
national time. 

The  first  step  has  already  been  taken  in  many  regions,  and  is,  in  countries  traversed 
by  railways,  not  difficult  of  accbmplishment,  as  railway  times  are  extensively  used 
by  the  people.    The  second  step  has  provoked  much  discussion  as  to  its  details. 

In  the  United  States  the  problem  resolves  itself  into  two  questions : 

1.  How  few  standards  can  be  adopted  with  advantage  T 

2.  What  standard  or  standards  shall  be  selected  f 
The  answers  to  these  questions  are  of  four  classes : 

(1.)  A  system  of  standards  differing  by  exactly  one  hour,  which  are  preferably  exact 
hours  of  longitude,  and  would  be  five  in  number. 

(2.)  A  system  of  standards  based  upon  the  local  times  of  a  few  commercial  centres. 

(3.)  Two  standards,  one  east,  the  other  west,  of  the  Mississippi  River,  or,  of  the 
Rocky  Mountains. 

(4. )  One  standard  for  the  whole  country,  which  shall  be  used  by  all  the  railways,  and 
woold  eventually  come  into  general  use  by  the  people.  This  standard  might  be  that 
of  Washington  or  of  a  meridian  passing  near  the  centre  of  the  country,  as  the  6th 
meridian  west  of  Greenwich.  The  central  position  of  the  latter  and  its  simple  rela- 
tion to  the  time  used  by  navigators  are  arguments  in  its  favor. 

Lecture  No.  XII. 
(March  27, 1882.) 

THE  SEXTAin. 

The  sextant  is  the  most  common  form  of  a  class  of  instruments  known  as  reflecting 
instruments,  the  theory  of  which  is  based  upon  the  following  principle  of  optics : 

''  If  a  ray  of  light  suffers  two  successive  reflections  in  the  same  plane  by  two  plane 
mirrors,  the  angle  between  the  first  and  last  directions  of  the  ray  is  twice  the  angle  of 
the  mirrors." 
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To  prove  that  A  MB=2x  P  Mp 

pMm=:pMB=PMp  +  PMB 

P  M m=P  M  A=A  M  B  -^  P  M B 

PMp=AMB—PMp 

AMB^2  X  PMp 

The  esoential  parts  of  the  tDstrnment  are : 

1.  Two  plane  mirrorB,  viz,  (1)  a  fixed  mirror,  the  lioHgon-glatSj  one-half  of  which 
18  ailverdd,  which  is  secnred  perpendicnlariy  to  the  frame  of  the  instrument ;  (d)  a 
movable  mirror,  the  index-glaas,  which  is  attached  to  an  arm  having  a  motion  parallel 
to  the  plane  of  the  instrument. 

2.  The  index-arm,  to  which  the  index-glasses  secnred. 

3.  The  graduated  arc  for  noting  the  positions  of  the  index  arm. 

The  auxiliary  parts  of  the  instrument  are  the  ieleeeope,  which  is  of  low  magnifying 
power ;  the  vernier  and  magnifier^  attached  to  the  index-arm ;  shade  glasses  for  use  in  ob* 
servations  of  the  sun. 

lu  order  to  secure  reliable  results  with  the  sextant,  the  following  adjustments  are 
necessary : 

1.  The  horizon-glass  must  be  parallel  to  the  index-glass. 

2.  The  index-^lass  must  be  perpendicular  to  the  piano  of  the  instrument. 

3.  The  sif^ht-hne  of  the  telescope  must  be  parallel  to  the  plane  of  the  instrument.- 
Observations  with  the  sextant  are  of  three  kinds: 

1.  To  measure  the  an^lar  distance  between  two  objects. 

2.  To  measure  the  altitude  of  a  celestial  body  with  the  aid  of  an  artificial  horizon. 

3.  To  measure  the  altitude  of  a  celestial  body  from  the  sea-horizon. 
References : 

Chauvenet's  Astronomy,  II,  lY. 
Loomis'  Practical  Astronomy  (131)  (136). 
Kewcomb  A  Holden's  Astronomy,  j2,  $  9. 

Lecture  No.  XIII. 

(March  31,  1882.) 

THE  SEXTANT  (continued). 

Observations  made  with  the  sextant  are  subject  to  the  following  corrections: 

1.  The  index  correction,  which  is  determined  by  the  position  of  the  zero  of  the  ver- 
nier when  the  two  mirrors  are  parallel.  This  correction  varies  from  time  to  time,  and 
should  be  found  and  applied  at  each  observation. 

2.  The  correction  for  eccentricity  due  to  the  lack  of  coincidence  between  the  cen- 
tre of  the  f^raduated  arc  and  the  centre  about  which  the  index-arm  revolves.  This 
correction  is  determined  by  measuring  with  the  instrument  angles  whose  values  are 
already  known. 

The  following  additional  corrections  are  needed  for  a  complete  discussion  of  the  in- 
strument : 
(1.)  For  a  prismatic  form  of  the  index-glass. 
(2.)  For  the  inclination  of  the  index-glass. 
(3.)  For  the  inclination  of  the  horizon-glass. 

(4.)  For  the  inclination  of  the  sight-line  to  the  plane  of  the  sextant. 
(5.)  For  a  prismatic  form  of  the  shade  glasses  used  in  observations  of  the  sun. 
(6.)  For  a  prismatic  form  of  the  glasses  composing  the  roof  of  the  artificial  horizon. 
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Corrections  (5)  and  (6)  are  eliminated  by  reversing  the  classes  daring  the  observa- 
tion and  making  half  of  the  readings  with  them  in  each  of  their  two  positions. 

If  the  instrnment  is  well  made  and  in  proper  a^Jostment,  corrections  (IM^)  ca°  ^ 
neglected.  The  correction  for  eccentricity^  is  often  also  neglected,  bnt  it  should  be 
taken  into  accoant  by  an  occasional  investigation. 

The  accuracy  attainable  by  the  sextant  varies  with  the  instrument,  the  care  taken 
in  its  adjustments,  and  the  skill  of  the  observer.  Under  the  best  circumstances  an 
alHtnde  depending  upon  six  or  eight  readings  is  liable  to  an  uncertainty  of  about  10", 
and  this  is  about  the  uncertainty  of  a  determination  of  latitude.  The  uncertainty  of 
a  time  determination  rarely  falls  below  1*. 

References: 
Chauvenet's  Astronomy,  II»  IV. 
Washington  Astronomical  Observations,  viz:  1867,  App.  II;  IQS&,  App.  L 

Lecture  No.  XIV. 

(AprU3,  1882.) 

THE  SEXTANT  (cOUtlnued)— REDUCTION  OF  OBSERVATIONS. 

Observations  with  an  artificial  horizon  are  attended  with  the  difficulty  of  briuffing 
into  the  field  of  view  the  reflected  image,  especially  in  the  case  of  stars.  This  diffl- 
cnltv  is  lessened  by  the  attachment  of  a  small  level  to  the  index-arm  at  an  angle  with 
the  index-glass  equal  to  the  constant  angle  between  the  sight-line  of  the  telescope 
and  the  horizon-glass.  When  the  bubble  plays,  the  two  images  are  in  coincidence,  for 
it  can  be  proved  that  when  the  two  images  of  a  star — one  reflected  from  the  artificial 
horizon,  the  other  from  the  sextant  mirrors — are  in  coincidence,  the  inclination  of  the 
index-glass  to  the  horizon  is  equal  to  the  inclination  of  the  sight-line  of  the  telescope 
to  the  horizon-glass — a  constant  angle.    Thus — 


Let  IM  and  mq  =  mirrors 

AM  and  mE  =  first  and  last  positions  of  the  ray. 
Mn  be  parallel  to  mq 
HM  be  parallel  to  the  horizon 
Then  IMH  =  IMA  -f  AMH 

=  m  if  5  -f  SMn  =  mMn 
=  qmE 


Example:  Observation  for  time.     Washington  observations,  1867,  App.  II,  p.  34. 
Des  Moines,  Iowa,  August  7,  18C9.    P.  M.    Object,  Sun. 
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o  t  u 

A    43  22  62 

6    41  80  86 

P    73  44  50 

3«  157  43  S7 

«    78  51  44 

$^h    86  28  52 


log  sin  («— A) 
log  oot  • 
log  860^ 

logooaec  P 

log  sin*  i  t 
log  8in|  ( 


FonnnlA,  Ch»uT.  Astron.  I,  p.  209. 
I  =lio«ir  angle. 
A  =  true  alutnde. 
^=latitade.    f=i(h  +  ^  +  i^ 
P=  polar  distance. 

alnie=v/«^*»^/*-*> 
V    eos^BinP 


9.774104 
9.285037 
0. 126171 
0. 017707 

0.204000 
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23    84    SO 
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I 


Lectures  Koe.  XV  and  XVI. 


(April  IQ  and  11,  1882.) 


2.2 

10.2 


18    17.0 
6    l&O 


Chron.  fast  fWaah'n  time)  512     1. 0 


LATITUDK. —OBSERVATIONS  FOR  LATITUDE. 

The  latitude  of  a  place  on  the  earth's  sarface  may  be  defined  in  astronomical  terms 
in  two  ways— (1);  as  the  declination  of  the  zenith^  (2)  as  the  altitude  of  the  pole,  at 
the  ffiTen  place.  The  geographical  and  geodetic  latitudes  eqaal  the  astronomical  if  the 
small  abnormal  deviations  ox  the  plamb-line  are  neglected.  The  geocentric  latitude  is 
the  declination  of  the  geocentric  zenith  or  the  point  on  the  celestial  sphere  in  the  pro- 
longation of  the  radios  of  the  earth  dr^wn  through  the  place  of  observation.  The 
geocentric  and  geographical  latitudes  are  equal  at  the  poles  and  the  equator ;  at  other 
places  the  former  are  less,  the  maximum  deviation  (11'  SO'')  occurring  at  latitude  45^. 

Astronomical  methods  of  determining  latitude  may  be  classified  as  follows :  * 
'  1.  By  meridian  altitudes  or  zenith  distances. 

Methods  of  this  class  are  based  upon  the  relation  ^  =  f)  -f  « in  which  0  =  latitude, 
6  and  m  =  declination  and  south  zenith  distance,  respectively,  of  any  star.  Of  this 
class  are  the  methods  of— 

(l.>  Meridian  altitudes  of  any  star  of  known  declination. 

(2.  J  Meridian  altitudes  of  a  circumpolar  at  both  culminations. 

(3.)  Observed  dijQTerences  of  zenith  distance  (Talcott's  method). 

2.  By  extra-meridian  altitudes  of  zenith  distances. 

Methods  of  this  class  are  based  upon  the  relations  of  the  spherical  triangle  connect- 
ing the  pole,  zenith,  and  star. 

(See  Figure  9.) 

Of  this  class  are  the  methods  of— 
1.^  Single  altitudes. 

fS.  1  Circum-meridian  altitudes. 

[3.1  Altitudes  of  the  pole  star. 

[4.)  Relations  between  two  or  more  altitudes  of  the  same  star,  or  of  two  or  more 
stars  at  the  same  altitude. 


9<M 


cos  M  =  sin  d  sin  ^  +  cos  6  cos  ^  coe  t 


oo-d 


tan  ^  s  tan  <9  seel 
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3.  By  transits  over  yertical  circles. 

When  the  prime  vertical  is  selected  we  hare  one  of  the  most  acoorate  of  known 
methods,  which  rests  upon  the  relations  of  the  right-angled  spherical  triangle  con- 
nectingthe  pole,  zenith,  and  star  on  the  prime  yertical. 

(See  Figure  9i.) 

Iteferences  * 

Chauvenet's  Astronomy  I,  VI ;  II.  $$  174-193, 224-241. 

Newoomb  dt  Holden's  Astronomy,  VIII,  $  3.  • 

Clarke's  Geodesy,  XIII. 

Lecture  No.  XVII. 

(April  17, 1882.) 

DETERMIKATION  OF  THE  MERIDIAN. 

The  accuracy  with  which  the  meridian  line  is  desired  will  determine  the  method  to 
be  nsed  in  its  determination.  Of  the  various  methods  the  following  may  be  speci- 
fied: 

1.  By  a  noon  mark  or  b^  shadows  made  by  the  sun. 

2.  By  a  compass  correcting  for  the  magnetic  declination.  *« 

This  method  implies  that  the  variation  of  the  compass  is  already  known,  and  is, 
therefore,  reliable  only  within  the  range  of  our  knowledge  upon  that  subject. 

3.  By  measurement  of  the  azimuth  and  altitude  of  a  s^  and  the  determination  of 
the  correction  to  the  azimuth  reading  by  a  solution  of  the  triangle  connecting  the 
pole,  zenith,  and  star. 

/sin  (»  —  0)  sin  («  —  h) 
Formula:  tan  i  ^  =  V       cos  s  cos  (s  ^p) 

h  =  altitude  of  star. 

^  =  latitude. 

p  =  polar  distance  of  star. 

A  =  azimuth  of  star. 
«  =i(^  +  h+p) 

If  the  azimuths  are  observed  when  the  star  is  at  the  same  altitude  on  each  side  of 
the  meridian,  the  mean  of  the  two  readings  is  the  reading  when  the  sight-line  is  in 
the  meridian.  When  the  sun  Lb  observed,  a  small  correction  for  its  motion  between 
the  two  observations  is  required. 

4.  By  observation  of  a  close  circumpolar  star. 

This  method  is  extensively  nsed  in  geodetic  measurements.  The  most  favorable 
time  for  the  observation  is  when  the  star  is  at  its  greatest  elongation. 

At  elongation,  sin  A  =  ^*^ 

ooe^ 

5.  By  the  methods  explained  under  the  transit  instrument  for  determining  the 
azimuth  constant  when  tne  instrument  is  approximately  adjusted  in  the  meridian. 

a  =t  -f  A7o  -fa  sin  (^— d)  sec  din  which  (  =  7*  +(  cos  (^ — d)secd  +osec  6 
a'  =  «'  +  £iro-f  asin(0— d')seod'  "      "     «=  r'-j-ft  cos  (^— d')  seod'+oseo  d' 

whencea^-a  =  t^-t+a|^     ^^ S^Td— J 

a=[(a'-a)-(<'-0]      ^^■*°^^' 


cos  0  sin  (d —  d') 


Beferences: 

Chauvenet's  Astronomy,  I,  IX ;  II,  151. 

Gillespie's  Land  Surveying,  VII,  VIII. 

U.S. Coast  Survey  Report,  1666,  App.  11;  1876,  App.  21. 

Clarke's  Geodesy,  VIII,  1.7. 
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XiEGTURB  No.  XVIII. 

(April  24,  1882.) 

SPECIAL  PROBLEMS. 

I. — Prohlema  due  to  the  positUyn  of  the  obaerver. 

The  methods  of  determining  time  and  latitude  heretofore  explained  are  suited  to 
observers  in  middle  latitudes ;  some  of  them  are  inapplicable  when  the  obserrer  is  in 
certain  positions — 

Thus: 

1.  An  observer  near  the  equator  can  obtain  his  time  with  ^^ater  accuracy  than  one 
in  higher  latitudes.  For  determining  his  latitude,  methods  involviuff  observations  of 
the  pole  star  are  not  available,  but  the  other  methods  of  Lecture  X  v  are  applicable. 

2.  An  observer  in  high  latitudes  can  obtain  his  latitude  without  much  difflculty, 
but  his  time  determinations  become  less  reliable  as  he  proceeds  north.  At  the  pole 
itself  any  object  may  be  chosen  as  an  arbitrary  point  on  the  earth's  surface  to  be  called 
the  south  point  and  the  day  reckoned  by  referring  the  movements  of  the  heavenly 
bodies  to  it. 

3.  An  observer  at  an  elevated  position  &om  the  earth's  surface  must  correct  his  alti- 
tudes for  "  dip  '^  if  he  refers  them  to  the  sea  horizon. 

n. — OhservatUms  in  iolar  eclipeea. 

The  mathematical  uses  of  solar  eclipses  are  to  determine  longitudes  and  to  ftimish 
corrections  to  the  lunar  tables.  Observations  for  these  purposes  are  those  of  the  times 
of  contact  of  the  limbs  of  the  sun  and  moon,  and,  if  the  eclfj^se  is  total,  of  the  dura- 
tion of  totality.  In  a  total  solar  eclipse,  observations  of  every  sort  are  of  value  for 
solar  studies. 

III. — Ohservationa  of  tranaite  of  Mercury  tmd  Venue, 

Observations  of  the  times  of  contact  are  available  for  determining  corrections  to  the 
tabular  places  of  these  planets.  Good  opportunities  are  also  affor&d  for  determining 
their  diaiheters.  The  use  of  transits  of  Venus  for  obtaining  the  solar  parallax  is  de- 
pendent upon  the  extreme  precision  with  which  the  observations  can  oe  made.  The 
solar  parallax  is  known  at  the  present  time  with  such  accuracy  that  only  the  most 
refined  observations  can  be  made  available  for  improving  its  value. 

Lecture  No.  XIX. 
(May  1,1882.) 

RELATIVE  ACCURACY  OF  METHODS. 

Astronomy  is  pre-eminently  an  exact  science.  It  rests  upon  laws  few  in  number, 
which  are  capable  of  rigid  demonstration.  It  employs  the  most  refined  forms  of 
mathematical  research,  and  thus  obtains  results  of  the  highest  accuracy. 

The  accuracy  attainable  in  the  various  methods  of  practical  astronomy  depends 
upon  several  conditions : 

(1)  The  precision  possible  with  the  instrument  employed. 

(2)  The  skill  of  the  observer. 

The  formulas  upon  which  the  calculations  depend. 


^3)  Personal  peculiarities  of  the  observer. 

(4)  The  formulas  upon  whicl 

(5)  Atmospheric  conditions. 


Nos.  (1)  and  (4)  are  capable  of  scientific  discussion,  and  fhrnish  the  means  of  deter* 
mining  the  relative  merits  of  the  various  methods. 

Nos.  (2)  and  (3)  are  incapable  of  rigid  treatment,  but  should  be  taken  into  account 
as  far  as  possible. 

No.  (5)  is  variable,  and  therefore  an  uncertain  element  in  the  discussion  of  the 
methods. 

All  observations  are  affected  by  constant  and  accidental  errors.    The  former  may 
be— 

Theoretical. 
Instrumental. 

(3)  Personal. 


a 
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These  can  be  only  Id  part  determined  beforehand.  Observations  are  affected  bj 
nnknown  constant  errors  which  are  made  apparent  by  repeating  the  observations  under 
different  conditions.  On  this  account  it  is  better  to  make  observations  at  different 
times  and  under  varied  conditions  than  to  make  the  same  number  of  observations  at 
one  time. 

Accidental  errors  are  necessarily  incapable  of  discussion  apart  from  the  observations, 
bat  the  computations  can  be  so  made  as  to  give  the  most  probable  values  by  the  aid 
of  the  "method  of  least  squares.'' 

Reference :  Chanvenet's  Astronomy,  II,  App. 

Lecture  No.  XX. 

(May  8,  1H82.) 

THB  ART  OF  COMPUTING. 

Skill  in  computation  is  as  essential  as  accuracy  in  observation  for  securing  satis- 
fiu>tory  results.  In  order  to  attain  proficiency  attention  should  be  given  to  the  fol- 
lowing: 

L  The  significance  of  the  quantities  entering  the  formulse. 

This  is  necessary  to  secure  intelligent  calcmation  as  opposed  to  mere  mechanical 
oomputing.  The  frequent  use  of  auxiliaries  for  convenience  in  computing  requires 
additional  precaution  that  the  significance  of  the  various  quantities  be  not  forgotten. 

2.  The  arrangement  of  the  work. 

Facility  in  the  computations  is  the  aim :  hence  the  work  Fhould  be  ma'de  systematic, 
orderly,  and  in  convenient  forms.  It  is  best  to  adopt  a  scheme  before  beginning  the 
oaloulations. 

3.  The  use  of  tables  or  other  helps. 

Among  these  may  be  mentioned  Crelle's  Rechentafeln,  logarithmic  tables,  and  the 
Thomas  and  Grant  calculatiug  machines.    Especial  attention  should  be  paid  to  the 

Iiractical  use  of  logarithms.    Uncertainties  of  observation  should  be  made  to  have  the 
east  possible  influence  upon  the  computation. 

4.  Check  computations. 

The  work  should  be  self-checking  if  possible ;  otherwise  it  may  be  verified  by  differ- 
ences or  by  special  check  computations.  If  none  of  these  are  possible,  unusual  care 
in  the  work  is  requisite  or  the  computation  should  be  made  in  duplicate. 

5.  Saving  of  time. 

Among  t<he  devices  to  secure  this  may  be  mentioned  the  use  of  separate  pieces  of 
paper  upon  which  to  place  constants,  in  order  to  save  rewriting;  the  avoiding  of  un- 
naoessaiT  additions,  as  in  summing  columns  in  which  the  left-hand  figures  are  the 
Mune;  the  taking  of  means  without  summing;  adding  or  subtractinflp  from  left  to 
light ;  subtracting  the  upper  from  the  lower  quantity  of  the  work  wnen  required ; 
and  primarily  by  a  skillful  arrangement  of  the  work  as  above  stat«d. 

6w  Husbanding  of  strength. 

Continued  computation  is  a  mental  strain  which  may  be  lessened  by  occasional 
ehanges  f^om  one  class  of  operations  to  another.  The  important  steps  should  be  taken 
when  the  mind  is  firesh ;  a  good  precaution  is  to  re-ezamme  in  the  morning  the  work  of 
tlio  previous  evening. 


APPENDIX   5. 


LECTUBES  ON  METEOBOLOGT. 

By  S.  A.  HiZEir. 

Study  Room,  August  10, 1882. 
Professor  Abbe: 

Sib:  In  compliance  with  yonr  verbal  instmotions.  I  have  prepared  an  abstract, 
with  accompanying  lithographic  notes,  of  nineteen  lectnres  on  meteorology,  deliv- 
ered before  tne  Signal  Service  class  at  Fort  Myer,  Ya.,  during  the  winter  and  spring 
of  188^.  As  the  class  had  never  studied  meteorology,  it  was  found  necessary  to  touch 
upon  a  great  deal  found  in  the  works  of  Professor  Loomis,  A.  Buchan,  and  others, 
though  tne  general  idea  of  the  lectures  was  to  supplement  what  is  to  be  found  in  such 
treatises.  The  lectures  were  mostly  from  illustrations  by  diagrams  on  paper,  or  by 
drawings  on  the  blackboard.  The  lithog^phio  notes  were  prepared  before  each  lect- 
ure, and  were  necessarily  somewhat  hurried  in  construction. 
Very  respectfully,  yours, 

H.  A.  HAZEN, 
Computer,  0.  C.  8,  0, 
METEOROLOGY. 

Lectcbb  No.  I. 

(January  11, 1882.) 
Science  of  the  weather. 
Phenomena  of  meteorology  exceedingly  complex  require  faithftil  effort  in  making  and 

recording  observations. 
A  meteoro^gi^'s  motto  is,  "Establish  facts." 

Importance  of  the  ^ience  in  its  relation  to— 

1.  Health  of  the  inhabitants  of  the  earth. 

2.  Farming  communities. 

3.  Commerce. 


1.  By  observations  at  isolated  stations. 

8.  By  simultaneous  observations  at  a  great  number  of  stations. 
Air  temperature. 
Source  of  heat. 
Radiant  light  and  heat,  probably  effects  due  to  the  same  physical  agent. 

Effects  of  heat  as  manifested — 

1.  In  expansion  by  day  and  contraction  by  night. 

2.  In  seasonal  changes. 

3l  In  permanent  di&rence  of  temperature  in  equatorial  and  polar  regions. 
4.  In  evaporation  and  condensation. 
.  5.  Upon  the  land. 

6.  Upon  the  sea* 

7.  Upon  the  irregularities  of  the  continents. 

Temperature  of  the  air. 

1.  Its  flnotnations. 

2.  Its  daily  mean. 

3.  Its  monthly  mean. 

4.  Its  annual  mean. 

5.  Its  distribution. 

6.  Its  variation  with  the  depth  below  the  earth's  surface. 

7.  Its  variation  with  the  height  above  the  earth's  surface. 
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Lecture  No.  II. 
(January  18,  1882.) 

TEMPERATURE  AND    HUMIDITY. 
FlO.  10. 
JUL i^5i»- 


Carre  of  Mean  Hourly  Temperature  at  Berne.  Switaerland.    January  fbU,  July  dotted. 

Decrease  of  temperature  with  elevation  above  the  surface  of  the  earth. 

Balloon  ascents,  1,000  feet  to  20,000  feet,  Glaisher.  Temperature  decreases  about 
1^  Fahrenheit  per  300  feet. 

Pike's  Peak  and  Denver,  8,869  feet,  Professor  Loomis.  Temperature  decreases  about 
lo  Fahrenheit  per  288  feet. 

Mount  Washington  and  mean  of  Burlington  with  Portland,  0,150  feet.  Tempera- 
ture decreases  about  1^  Fahrenheit  per  311  feet. 

Great  St.  Bernard  and  Geneva,  6,792  feet.  Temperature  decreases  about  1^  Fahren- 
lieit  per  336  feet. 

HUMIDITY. 


Mia 


Carve  of  Mean  Hourly  Humidity,  Berne,  Switserland.    January  full,  July  dotted. 
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Height  of  the  atmosphere : 


Lectube  No.  III. 
(January  25, 1882.) 

PRE83UKE  OF  THE  Allt. 


rFluctijations,  periodical  and  irregnlar. 
I  Diurnal  range. 
Air  pressnire,  its  <  Diminution  with  elevation  above  the  earth. 


I  Distribution. 
iTides. 


IJL 


MeatoTAfJ^Mn, 


isao. 


Binrmd  Bange  of  Air  Preasiire.    Batavia  full,  TifliB  dotted. 


Fxo.  18. 


^'''> 


^«_--- 


\ 


\ 


Height  of  Barometer  during  each  Month.    Batavia  foil,  Tiflis  dotted. 
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LSCTURB  No.  IV. 

I  •  •  . 

(February  1, 1882.) 

ELEVATIONS. 

Importance  of  an  accurate  determination  of  the  elevations  of  meteorological  instru- 
ments. 
The  points  on  the  instruments  fix>m  which  measurements  should  be  made. 
Elevation  of  the  barometer  cistern : 

(1.)  The  universal  fixed  "base,"  mean  low-tide,  mean  hiffh-tide,  or  mean  tide. 
(2.)  The  '*  plane  of  refisrence/'  such  as  railroad  track  atctopot,  level  of  one  of  the 
great  lakes,  Or  some  well-known  and  permanent  point  accepted  by  civil  en- 
ffineers. 
(3.)  A  "fixed  point''  near  the  base  of  the  building  in  which  the  office  is  located. 
Elevations  above  ground  of  the  thermometers,  rain-gauge,  anemometer,  and  anem- 
oscope or  wind-vane. 
Leveling  by— 
Tape-line. 
Spirit-level. 
Barometer. 

Boiling-point  of  water. 
Trigonometrical  methods. 
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LscTuas  No.  V. 
(Febroftrr  8, 188S.) 

Fo^,  di^  fog,  mUt,  oloads.  Kiods  of  clouds,  t»  cirrna,  •tntne,  onniDlDa  &nd  tbeir 
conbinaliooa.  Upper  uid  lower  olonda.  yeloeity,  direotion,  and  height  of  olonds. 
THiona  apposruioea  due  to  elonda !  Hftloo,  ooroiue,  aan'i  diawlDg  water,  Aa>. 
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Lecture  No.  VI. 
CFebrnary  15,  1882.) 

RAIN,  SNOW,   AND  HAIL. 

Cause  of  precipitation  of  the  moistnre  of  the  air. 
Its  dlBtrihation  over  the  earth's  surface. 

rthe  ocean. 

Influence  on  precipitation  of  I  ^^^s!*'''  '"*°^^' 

I  the  Beasons. 
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Lectures  Noe.  VII  and  VIII. 
;  (March  1,  1882.) 

WIND,  STORMS. 

I  Caase  of  the  motion  »of  the  air. 
I  Constant  and  periodical  winds. 
!  Wind-direction. 


Fio.14. 
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velocity  of  the  Wind  at  Yarious  Hours  of  tlie  Day,  at  Tiflis,  during  Haroh,  18S0. 

« 

Pig.  15. 
•     Mid. 


— e^. 


Direction  of  the  Wind  at  Different  Hours  of  the  day,  for  1876,  at  Madrid,  8i»ain. 


.  » 


BEPOBT  OF  THE   CBIEV  SIONAL-OFFIOBB. 

Lkctokkb  No.  ex. 
{Hkroli  8, 188S.) 

STOBMS. 
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Lecture  No.  X. 


(March  15,  1882.) 


TORNADOES  AND  HURRICANES. 


A  tomftdo  is  a  form  of  storm  of  great  intensity  and  generally  short  doration. 
Primary  cause,  ''  The  prodnction  and  ascont  of  a  large  quantity  of  Tapor,  which  is 


o 


cdndensed  with  the  liberation  of  its  latent  heat  over  the  place  of  its  production  in- 
stisad  of  being  carried  away  to  some  distant  region"  (filanford).  ^*  Every  great 
whirlwind  is  accompanied  by  an  abundant  condensation  of  aqueous  vapor.    The 
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latent  heat  liberated  by  this  condensation  causes  a  more  rapid  ascent  of  air  oyer  the 
whirlwind,  and  this  induces  beneath  it  an  inflow  of  air  from  all  sides"  (Hann). 

Caused  by  "Parallel  carrents  in  opposite  directionB"  (Meldrum). 

Pressure  in  center  frequently  falls  to  2"  below  the  mean  in  the  case  of  tropical  hur- 
ricanes. 

Having  given  the  diffbronce  of  air-pressure  for  100  miles  or  the  barometric  gradient, 
and  the  distance  £rom  the  center,  we  may  compute  the  velocity  of  the  wind  by  Fer- 

rel's  formula:  

Gr 
oion + ^'^^  ^^^  ^^^  '  ""  '^^  '*"  ^^' 

If  we  have  the  pressure  in  pounds  to  the  square  foot,  James's  formula  gives: 

F  =  V  200  X  P 
Examples  of  the  great  force  of  the  wind  in  tornadoes. 

Lecturs  No.  XI. 

The  Wallinoford  Tornado. 

(March  22,  1882.) 

(General  conditions  of  the  atmosphere  preceding  the  tornado. 

These  conditions  giving  rise  to  tornado  action  over  a  narrow  strip  of  country  across 
the  whole  State. 

Topography  of  the  region  about  Wallingford. 

First  appearance  of  the  tornado  as  dark  clouds  from  northwest  and  southwest. 

Destruction  of  houses ;  one  of  them  destroyed  as  if  by  an  explosion  within. 

Evidences  of  rotation  in  the  prostration  of  trees. 

Evidences  of  powerful  indrauffhts  from  the  southwest. 

Extent  of  the  current  as  displayed  by  the  discovery  of  a  paper  blown  into  Rhode 
Island,  70  miles  away. 

Example  of  the  terrific  forceof  the  wind,  as  follows:  A  monument  was  blown  hoia 
its  base  without  chippiuff  either  the  monument  or  the  pedestal.  The  dimensions  of 
the  block  were  2  by  2  by  4  feet,  its  weight  2,688  pounds.  The  pressure  required  to  lift 
it,  at  the  lowest  calculation,  was  336  pounds  to  the  square  foot.  This  pressure,  fh>m 
James's  formula,  gives  a  velocity  of  259  miles  per  hour. 

Lecture  No.  XII. 
(March  29, 1882.) 

AREAS  OF  HIGH  PRE8SX7RB. 

Origin. 

ReJAtions  to  waves  of  temperature. 
Erratic  course  across  the  United  States. 
Winds  near  the  center. 
Permanency  in  the  Sargasso  sea. 
Permanency  along  the  parallel  of  30^  N. 
Upper  currents  in  their  neighborhood. 
Ex&aordinary  magnitude  in  Siberia. 

Lecture  No.  XIII. 

(Aprils,  1882.) 

ObservaHonB  on  Mount  Waahington  and  other  elwated  $tatian». 

Direction  of  winds  often  firom  "  low  '*  to  '*  high.''  Effect  of  high  winds  upon  the  indi* 
cations  of  barometers.  Maxima  and  minima  of  air-pressure  occur  at  the  bate  earlier 
than  at  the  summit  of  mountains,  whether  we  oonsiaer  the  accidental  fluctuations  or 
the  diurnal  range.    High  winds  and  temperature  as  influencing  such  retardation. 
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BotardfttioD  of  tb«  mJDimnm  of  air-pressure  Bt  Pike's  Peak  November  ] 

Date  and  bo 
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Colorado  Spr^nga. 


Lecture  *o.  XIV. 
(April?,  1883.) 

MBTEORpLOOICAL  OB3BHVATION8  AT  BLBTATXD  STATTOMS. 
Teming  the  wiode  at 
B  of  a  QontinnODB,  or 
loaphere. 
DiDmal  nmge  of  the  wind*. 

TabU  giving  tht  diumat  range  o/tktuindt  at  PHui'i  Pfalc  ani  Dtnvrr. 


B«ui. 

Wind  velocity,  mile*  par  boar. 

H.,. 

Wind  velocity,  mllaa  par  honr. 

Fike'i  PMk. 

DnTar, 

Plke'aPaak- 

DenvM. 
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207 
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i 

Mldnlaht 

The  fact  that  the  mazimum  at  Pike's  Paak  occara  at  5  a.  m.,  while  that  is  very  near 
the  time  of  minimitm  at  the  base,  mair  be  explained  on  the  principle  that  the  oontln- 
noaa  apper  onrrent  is  not  retarded  by  an  upward  rush  of  air  in  the  mominK.  while  tbia 
npnuh  pradoeing  the  maximnm  at  the  base  in  the  aflemoon  aet«  as  a  oneck  to  the 

Lectubb  No.  XV. 


ELBCnUCITT. 


The  presenoe  of  eleotrltj  reoognized  600  B 
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Ifuulatori  are  ioe,  oaontohoao,  dry  air,  silk,  glass,  wax,  salphar,  and  amber. 

Positive  and  negative  electricity — these  always  present  together.  Electricity  always 
npon  the  surface,  oolleoted  upon  a  cloud  till  its  tension  is  sufficiently  great  to  cause 
it  to  strike  off.    Atmospheric  electricity,  thunder-storms. 

LKcrnTRs  No.  XVI. 
(April  19,  18B2.) 

TBRBX8TRIAL  MAGNETISM. 

The  loadstone. 

Nature  of  the  force  called  magnetism. 

The  polos  of  a  magnet. 
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Like  poles  repel  and  anlike  attract  each  other. 

The  earth  a  magnet. 

Magnetic  declination,  inclination,  and  intensity. 

Dinrnal  range  of  the  magnetic  needle. 

Secular  changes  in  magnetism. 

Effect  of  the  moon. 

Effect  of  earth  corrents. 

Magnetic  storms. 

LscmTRE  No.  XYII. 

(April  20, 1882.) 

SUN  SPOTS. 

The  natare  and  prohable  cause  of  snn  spots. 

Theories  of  Herschel,  Secchi,  Tonng,  and  others. 

Connection  between  snn  spots  and  distorbances  of  the  earth's  magnetism. 

Periodicity  and  apparent  connection  with  the  meteorology  of  the  earth. 

Lecture  No.  XVIII.  i 

(April  26, 1882.) 

AUBORAS. 

Description  of  the  different  appearances. 

Connection  with  electricity  and  magnetism. 

Height  of  the  aarora. 

Different  explanations  of  the  phenomenon  adopted  by  scientists. 

Lectube  No.  XIX. 

(Mays,  1882.) 

pERioDicrrr  in  meteorological  phenomena. 

FlO.  17. 


v'   I 


Froqnenoy  of  Aarores  and  Range  of  Air-PiMsiire  at  Paris,  Tieiiiia,  and  London. 


Ho.  18. 
£    9  3   ^    J   6    7   6   S  10  lilM  nU  fS  J€  ITJB  1390  Ml  MMS  94  BTM 


Unctoationa  of  AJr-PrMsnre  fbr  sB  staHonsof  the  United  States,  Bast  of  tlie  Hiaaiaiippl  Bivtr,  dnrinc 

Mazoh  of  11)75  and  1878. 
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BATAYIA,  INDIA. 


3^j4S4ra»it!a:  jvymuii.uiiraQUii  MfA  ^sjds  §f99i»uj^9mU994i 


TOBOKTO,  CAKADA. 


er99101lJt£UL 


i>^^«- 


Dioinal  Buge  of  Alr-PreMore  aod  ICacnetlo  DeoUsfttlon. 

LkcTURE  No.  itX. 
(May  10,  1882.) 

PBRIODICITT  IN  METEOROLOGICAL  PRENOlfENA. 
OHABT  No.  14. 


-:^--"«^^--- 


,'«o 


•40 


.40 


-■       m 


Dlarnal  Range  of  Air-PreMure-^aDnary .    ( From  Btuhun.). 


OHABT  No.  16. 


■.^^     .4^v::::-::.-v::r 


r|f:::::: 


I,     MO 


^-      '" 


Piurpal  Baoge  of  Air-PiManre.— July.    {From  Buekan,) 


APHE  N  DIX    6. 


Lectnies  on  (I)  Elementary  mathematics;  (2)  Trigonometry;  (3)  Analytio  geometry; 
(4)  Calcnlos;  (5)  Differential  equations;  (6)  Thermo-dynomics. 

Br  Fbahk  Waldo. 

War  Dbpartmbmt, 
Officb  of  thv  Chief  Signal  Officer, 

Studjf  Boom,  WathimgtoH,  D,  C,  June  8,  1882. 
Prof.  Clbvelaxd  Abbb  : 

Sir:  In  compliance  with  yonr  request,  I  desire  to  make  the  following  report  on  the 
mathematical  lectures  deliyered  hy  me  at  Fort  Myer,  Va.,  before  the  class  whose 
conne  has  Just  been  completed. 

As  most  of  those  under  instruction  were  college  graduates  and  were  presumed  to 
possess  a  considerable  knowledge  of  mathematics,  it  was  decided  to  make  the  regular 
course  of  lectures  a  review  of  logarithms,  trigonometry,  analytic  geometry,  and  cal- 
culus. 

After  the  first  lecture,  however,  it  became  evident  that  there  were  those  present 
who  were  perfectly  feimiuar  with  subjects  covered  by  the  proposed  lectures.  An  exam- 
ination of  the  filed  records  showed  that  fourteen  had  studied  calculus,  and  would 
probably  be  able  to  t;^e  an  '*  advanced  course." 

Upon  due  consideration  it  appeared  best  to  lecture  to  the  advanced  division  on  dif-^ 
ferential  equations  and  thermo-dynamics,  the  first  of  these  coming  next  in  order  in' 
pure  mathematics  to  what  they  had  already  studied,  and  the  second  being  a'suUect 
that  they  must  become  acquainted  with  in  order  to  eomprehend  meteorological  theo- 
ries. 

The  advanced  course  consisted  of  ten  lectures  on  each  of  the  subjects,  and  I  endeav- 
ored in  this  brief  space  to  point  out  the  nature  of  the  line  of  study  the^  ouffht  to  take 
up  subsequently  if  they  wiuied  to  make  progress.  Before  the  completion  of  these  lec- 
.turee  I  was  enabled  to  Judge  pretty  well  of  the  relative  merits  of  the  men,  and  think 
that  as  lar^p  a  proportion  were  benefited  by  the  course,  as  in  any  scientific  school. 

The  men  in  the  regular  course  were  not  required  to  take  notes,  as  most  of  the  litho- 
graphed synopses  or  the  lectures  were  made  full.  By  this  means  they  were  enabled 
to  pay  attention  to  the  meaning  of  the  lecture  and  not  obliged  to  ^>end.  most  of  the 
t4me  of  the  lecture  in  writing.  In  the  advanced  course  no  lithographed  notes  were 
furnished,  and  consequently  the  men  were  obliged  to  take  their  own  notes. 

When  the  students  of  the  regular  course  had  advanced  far  enough  to  take  up  cal- 
culus, I  gave  each  man  an  oral  examination,  and  divided  the  class  into  three  sections. 
The  first  section  was  composed  of  those  who  had  received  no  instruction  in  elementary 
mathematics,  and  they  were  to  form  a  class  in  algebra.  The  second  were  those  who 
felt  the  need  of  a  more  thorough  course  in  aleebra  and  trigonometry  before  studying 
calculus.  This  section  was  given  in  charge  of  Assistant  Instructor  Lieutenant  Bailey, 
who  gave  them  numerous  problems  selected  by  me,  and  his  verbal  report  of  their  pro- 
gress was  very  satisfactory.  The  third  section  met  for  their  lecture  at  the  hour  usual 
tOT  that  course.  The  lecture  before  the  first  section  came  immediately  after  the  thitd 
section  had  finished  theirs,  but  I  was  enabled  to  give  them  but  twenty  minutes  on 
each  lecture  day  because  the  dinner  hour  interfered. 

The  lecture  for  the  advanced  course  was  from  8.30  to  9.25  a.  m.,  and  for  the  regular 
course  from  10.45  to  11.45  a.  m.,  on  Tuesday  and  Friday. 

The  following  mathematical  text-books  were  placed  in  the  post  library  for  consul- 
tation by  any  of  the  students : 


Loomis's  Algebra,  with  key. 
Peek's  Algebra. 

Todhunter's  Algebra,  with  key. 
Todhunter's  Algebra  for  Beginners. 
Loomis's  Geometry. 
Peck's  Ctoometry. 
Chanvenet^s  G^metry. 
Church's  Descriptive  Geometry. 


Todhunter's  Plane  and  Spherical  Trigo- 
nometry. 
Chauvenet's  Trigonometry. 
Loomis's  Trigonometry. 
Peck's  Analytical  Geometry. 
Briggs's  Analytical  Geometry. 
Davies's  Analytic  Geometry  and  Calculus. 
Howison's  Analytic  Geometry. 
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Todhnnter^B  Conic  SeotionB.  Peck's  Caloalna. 

Todhanter's  Diiferontial  and  Integral  Cal-  Chnroh's  Calonlns. 

cnlos.  •      •  liOomis'B  Calcnlas. 

Williamson's  Differential    and   Integral  Bartlett's  Analytical  MechanicB. 

Calcnlos.  Peck's  Elements  of  Mechanics. 

Byerly's  Differential  Calcnlns.  Todhnnter's  Mechanics  for  BeginnerB. 

A  copy  of  each  of  the  following  hooks  was  placed  in  each  of  the  rooms  occupied 
hy  the  students: 

Loomis's  Logarithms.  Chanvenet's  Geometry  and  Trigonometry. 

Todhnnter's  Algebra.  Howison's  Analytic  Geometry. 

Williamson's   Differential   and    Integral 

Calculps. 

The  bearing  of  the  students  has  been  without  exception  more  gentlemanly  and 
dignified  than  I  hav^e  seen  in  most  college  classes.  That  this  was  irom  their  own 
choice  is  shown  by  the  fact  that  no  military  officer  was  present  at  lectures  of  the  ad- 
vanced course. 

It  is  peculiarly  gratifying  that  the  Chief  Signal  Officer  has  been  able  t«  obtain  stu- 
dents who  are  capable  of  receiving  such  iustrnction  as  is  usually  given  to  post-grad- 
uate students  in  our  best  colleges.  With  such  men  available,  a  nigh  class  of  work 
may  be  expected. 

The  accompanying  notes  on  logarithms,  trigonometry,  analytic  geometry  and  cal- 
culus were  lithographed  and  distributed  to  each  man  of  the  advanced  course  as  well 
as  the  regular  course. 

The  notes  on  differential  equations  and  thermo-dynamics  not  being  lithographed, 
I  have  given  an  abstract  of  tnem.  The  former  were  founded  on  Boole's  Differential 
Equations,  and  the  latter  on  part  of  the  course  on  thermo-dynamics  as  given  at  Hsr- 
vurd  College. 

Very  respectfully, 

FRANK  WALDO,  Computer  O,  C.  S.  O. 

Lrctore  No.  I. 

LOGARITHMS,  THEORY  AND   USE. 

The  exponential  equation  is  one  in  which  the  unknown  quantity  occurs  as  an  ex- 
ponent, 6* = m.  The  root  of  the  equation  d' = nt  is  called  the  logarithm  of  m,  usuall  v 
written  log  m  or  1  m.  The  value  of  the  logarithm  varies  with  the  value  of  6,  which 
is  called  the  base  of  the  system  of  logarithms. 

The  logarithm  of  a  number  may  be  defined  as  the  exponent  of  the  power  to  which 
the  base  of  the  system  must  be  raised  in  order  to  produce  this  number. 

When  the  base  is  greater  than  unity,  the  logarithms  of  all  numbers  greater  than 
unity  are  positive,  while  those  of  all  numbers  less  than  unity  are  negative.  Since 
6<>=  1,  it  follows  that  the  log  of  unity  is  zero  in  all  cases. 

Theorem.  The  sum  of  the  logarithms  of  several  numbers  is  the  log  pf  their  contin- 
ued product.  Proof.  Let  the  numbers  be  m,m^  m'^  &.C.,  and  let  h  be' the  ba^e  of  the 
system;  we  have,  then, 

-  lot  « 

0        =m 

b        =mf 

h        =  w",  &o. 

By  algebra  we  have  h  ==:mm'  i»". 

^nee,  by  our  definition,  log  m  -j-  log  m'  +  log  wi" =log  («  m'  m"). 

Corollary  I.  If  the  number  of  ractors  m  m^StcAn  fi,and  if  they  are  all  equal  to 
each  other,  we  have  log  m  mm^  &c.,  =  log  m -f  log  m  +  loff  m,  &c, ;  or  log  (m")  =  n 
log  m;  (hat  is,  the  log  of  any  power  of  a  number  is  equal  to  the  logarithm  of  the 
number  mcdtiplied  by  the  exponent  of  the  power. 

Corollary  II.  If  we  substitute  P  =  i»»»  or  «  =  {/p  in  the  above  equation,  we  have 

tog  P=:in  log  {/]p  or  log  {^p  =  ^^  .  ■ ;  that  is,  the  logarithm  of  any  root  of  a  nnm- 

II 

ber  is  equal  to  the  log  of  the  number  divided  by  the  exponent  of  the  root. 

Corollary  III.  The  equation  log  mm'  =  log  m  -f  log  m'  gi  vee  log  m'  =  log  m  m'  - 
log  m;  that  is,  the  log  of  one  factor  of  a  product  is  equal  to  the  log  of  the  product 
diminished  by  the  log  of  the  other  factor;  or.  in  other  words,  the  log  of  the  quotient 
is  equal  to  the  log  of  the  dividend  dimlnishea  by  the  log  of  tne  divisor. 
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Corollary  IV.  From  Corollary  III  we  have  log-=  log  1  —  log  K,biit  sinoo  log  1 

=  0,  then  log  ^  =  —  log  n  or  the  log  of  the  reciprocal  of  a  number  is  the  negative 

of  the  log  of  the  number. 

Corollary  Y.  Since  0  is  the  reciprocal  of  cc,  we  have  log  0  =  —  log.  ao  =  —  ao ;  that 
is,  the  log  of  zero  is  negative  innnity . 

CoToUaScy  VI.  Since  we  have  6^  =  5,  the  log  of  the  base  of  a  system  is  unity. 

Theorem.  If  the  logs  of  all  numbers  are  calculated  in  a  given  system,  they  can  be 
obtained  for  any  other  system  by  dividing  the  given  logs  by  the  log  of  the  base  of 
the  required  system  taken  in  the  given  system. 

Proof:  Let  o  be  the  base  of  the  p;iven  system,  and  }/  that  of  the  required  system, 
and  denote  by  log  the  loffarithm  m  the  given  system,  and  by  log'  the  logarithm  in 
the  rei'uired  system.    Taking,  then,  any  number  m  we  have,  by  previous  definition, 

h     *  =  »  and  1/       "  =  »,  whence  V  log  91  =  6      ". 

If  we  take  the  logarithm  of  each  member  of  this  equation  in  the  given  system, 
we  have,  by  CoroUiwy  I,  log'  m  X  log  h*  =  log  m  X  log  h  =  log  m  (because  log  &  =  1 

by  Corollary  VI);  or,  dividing  by  log  h'  we  have  log'  m  =  }®*-Jp. 

COMMON  LOOARITHMB  AMD  THE  USE  OF  TABLES. 

The  base  of  the  trntem  in  common  use  is  10.  Hence,  as  M^  =  1,  we  have  2o^  1  =  0 ; 
also,  by  Corollary  Vl,  we  have 

Jog         10  =  1 

log        100=  totf  10^  =  2  to0r  10=2 
log     1,000=  %10>=  =3 

log   10,000=109  10«=  =4 

log  100,000  =  log  10^,  Ac, 

A\MO,log  0.1  =  109  tV  ^log      10— »  =  — 1. 

I09   .01  =  %  Tb  =109    100— »  =  %10  — •  =  — 2. 
109  .001  =  109  TTftnF  =  ioy  1.000  — » =  109  10— » =  —  3. 

For  a  number  between     1  and      10  its  log  is  between     0  and     1. 

10  and     100  its  209  is  between     1  and     2. 

100  and  1,000  its  lo^  is  between     2  and     3. 

.1  and        1  its  2<^  is  between  —  1  and     0. 

.1  and      .01  its  log  is  between  —  1  and — 2. 

Hence,  if  the  {greatest  integer  contained  in  a  logarithm  is  called  its  characteristic, 
the  characteristic  of  the  log  of  a  number  is  equal  to  the  number  of  places  by  which 
its  first  significant  figure  on  the  left  is  removed  from  the  unit's  place,  the  character- 
istic being  positive  wnen  the  figure  is  to  the  left  of  the  unit's  place,  negative  when  it 
is  to  the  right  of  the  unit's  place,  and  zero  when  it  is  in  the  unit's  place. 

Logarithms  are  usually  given  to  5, 6,  or  7  places  of  decimals.  For  all  ordinary  pur- 
poses 5-plaoe  lo^puithmio  tables  are  sufficiently  accurate.  We  have  now  to  find  the 
logarithm  of  a  given  number.  I^rst  find  the  characteristic  by  means  of  the  rule  Just 
given.  Second,  to  find  the  decimal  part  of  the  logarithm.  *  In  doing  this  the  decimal 
point  of  the  given  number  is  to  be  wholly  disregarded,  and  any  ciphers  which  may 
precede  its  first  significant  figure  on  the  left,  or  following  its  last  significant  figure  on 
the  right,  are  to  be  omitted. 

When  the  number  thus  simplified  is  contained  within  the  limits  of  the  tables,  which 
we  shall  regard  as  extending  to  numbers  of  four  places,  the  decimal  part  of  its  loga- 
rithm is  found  in  a  horizontal  line  with  its  first  three  figures,  and  in  the  column  below 
its  fourth  figure;  the  second,  third  and  fourth  figure  when  wanting  being  supposed 
to  be  oii>hen. 

Sometimes  the  number  consists  of  more  than  four  places,  and  is  therefore  beyond 
the  limits  of  the  table.    We  must  then  interpolate,  relying  on  the  foUowing  law : 

If  several  numbers  are  nearly  equal,  their  differences  are  proportional  to  the  differ- 
ences of  their  logarithms. 


To  find  the  number  oorresponding  to  the  given  logarithm.  When  the  decimal  part 
of  the  ^ven  logarithm  is  exactly  contained  in  the  tables,  its  oorresponding  number 
can  be  immediat<Bly  found  by  inspection.  The  position  of  the  decimal  point  of  the  re- 
quired number  depends  altogether  upon  the  characteristic  of  the  given  logarithm. 

When  the  given  log  is  not  exactly  contained  in  the  tables,  the  number  correspond- 
ing to  the  logarithm  which  is  next  below  gives  the  four  first  places  on  the  left  of  the 
required  number.  One  or  two  more  places  are  found  by  dividing  the  difference  be- 
tween the  given  logarithm  and  the  log  of  the  tables  next  below  it  by  the  difference 
between  t&  log  of  the  tables  next  below  and  nert  above  the  given  logarithm. 

lOsia 
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EXAMPLE. 

To  find  the  prodnct  of  two  or  more  factors  by  meanB  of  logs.  Find  the  sum  of  logs 
of  factors.    The  required  number  corresponds  to  this  sum. 

I'o  find  any  power  of  a  given  number  b^  means  of  logs.  Multiply  the  log  of  the 
given  number  by  the  exponent  of  the  required  power,  and  the  number  of  which  this 
product  is  the  log  is  the  required  number. 

To  find  anv  root  of  a  given  number  by  means  of  logs.  Divide  the  log  of  the  given 
number  b^  the  exponent  of  the  required  root,  and  the  number  of  which  this  quotient 
is  the  loff  is  the  required  number. 

To  find  the  quotient  of  one  number  divided  by  another  by  means  of  logs.  Subtract 
the  log  of  the  divisor  from  that  of  the  dividend,  and  the  number  of  which  the  remain- 
der is  the  log  is  the  required  quotient. 


Tio.  90. 


Lecture  Ko.  II. 

PLANE  TRIGONOMETRY. 


BC  :  AB  ::  B'C  :  AB^.    51=  Sf* 


SimUarly,  ^  =  ?:?';   also,     4«  = 
^'  AC      AC*  '     AC 


AB" 
AC 


Hence,  the  ratios  of  the  sides  to  each  other  are  the  same  in  aU  right  triangles  hav- 
ingthe same  acnte  angle. 

There  are  six  ratios  existing  between  the  three  sides.  These  ratios  are  called  the 
trigonometric  functions.    Let  us  consider  A. 

Thesine  =  ^!22?i*li?£=r|,  tangent  =  ^Pj^^  l^g  =  ■?> 

1. J. ^7  o  adjacent  leu      h 


hypotenuse 

secant     -   ^^ypotenuae  _  h 
acUaoent  leg.      h 


a^acent  leg 
The  cosine,  cotangent,  and  cosecant  of  one  ot»- 


lique  angle  are  the  sine,  tangent,  and  secant  of  its  complement.    Then  we  have, 

cosine  ^  =  ^,        cotangent  il  =  -,        cosecant  A  =i  — 
a  a  a 

It  is  evident  that  (sin  and  cos)  <1.  (sec  and  cosec)  >1.  (tan  and  cot)  j^  1. 

Extension  of  functions  to  angles  of  any  magni- 
tude, by  using  opposite  signs  to  denote  opposite 
directions. 

First  qnadnat.  Seo.  qoAd.  Third  qiuMi.  FoTirth  quad. 

sin  -f  +  —  — 

cos  -|-  —  —  + 

tan  -f         —  -f  — 

A  positive  arc  is  measured  &om  x  around  to- 
ward the  left. 

A  negative  arc  is  measured  from  x  around  to- 
ward the  riffht. 

To  find  tne  sin  of  the  sum  of  two  angles. 

AOB  and  SCO  are  the  two  angles. 

BCE  and  AOB  are  mutually  eauiangular,  because  the 
sides  of  the  triangles  are  mutually  perpendicular. 
. '.  Z^CE  =  Z^OB.    Let  X  =  AOB.  and  y  =  BOC. 

Thenx+y=  COI>    »in(x+y)  =  ^  =  ?^^ 
.  CO  ^  CO  CO      BO^  CO  ' 

D   A 

CE       CE       CB 

^  =  ^  X  ^  =  COS  »  sin  y.  .-.  sin  (x+y)  =  sin  x  cos  y  -f  cos  x  sin  y. 

It  can  be  shown  that, 

sin  (x  —  jf )  =  sin  x  cos  y  —  cos  x  sin  y, 
cos  (x  -f  if )  =  cos  X  cos  y  —  sin  x  sin  y. 
cos  (x  —  v^  =  cos  X  cos  y  -|-  sin  X  sin  y. 


Fio.  22. 
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Fig.  28. 


There  are  two  trigonometric  tables.  Tables  of  natural  sines,  &o.|  and  tables  of 
logarithmic  sines,  Ac.    The  loff  tables  are  nsed  principally  in  trigonometric  work. 

There  are  foor  cases  in  the  station  of  right  triangles,  and  these  can  all  be  solved 
by  means  of  the  formnle  given  in  the  definitions  of  the  trigonometric  functions : 

Case     I.  Given  the  hypotenuse  and  one  acute  angle.    To  find  the  other  parts. 

Case  IL  Given  the  hyx>otenuse  and  one  side.    To  find  the  other  parts. 

Case  III.  Given  an  acute  angle  and  adjacent  side.    To  find  the  other  parts. 

Case  IV.  Given  an  acute  angle  and  opposite  side.    To  find  the  other  parts. 

Theorems  concerning  the  general  plane  triangle. 

Theorem  I.  The  sides  of  a  plane  triangle  are  proportional  to  the  sines  of  their  oppo- 
site angles. 

Proof:  We  have  the  triangle  ABC,  Draw  CP  perpen- 
dicular to  AB.  Call  CPf  l{.  Then  we  havep  =  b  sin  A, 
And  p  =  a  sin  B,  whence  6  sin  A=^a  sin  B^  which  con- 
verted into  a  proportion  gives  a :  & : :  sin  ^ :  sin  K. 

Theorem  II.  The  sum  of  any  two  sides  of  a  plane  tri- 
angle is  to  their  difference  as  the  tangent  of  half  the  sum 
of  the  opposite  angles  is  to  the  tangent  of  half  their  dif- 
ference. 

Proof:  a:  h: :  sin  .^ :  sin  B^  or  a-f  ft:  a — h::  sin  .^  -|-  sin  ^:  sin  A  —  sin  B, 

sin (x -f  y)  -f  sin  («  —  y)  =2  sin  xoos  jf.    sin  (x  +  y)  —  sin (x^y)  =  2 cos  x  siny. 
Also,  cos (« -4- y)  4-  cos(«— -y)  =  2cosxcossf.    cos  («-f  y)  — cos(X'y)=— 2sinxiny. 

Suppose  we  let  x  -|-  y  =  ap',  and  »—  y  =  y'.  Then  2x  =  ap'  Hf.  y'  «  =  |  (*'  +  y') ; 
also,  2y  =  x'  —  y,  y  =  ^  (x' — y'  ^.  Then  our  first  equation  will  become,  sin  xf  +  sin 
y'  =  2  sin  |(x  '-f  y')  cos  i  (x'  —  y^) ;  and  the  second  equation,  sin  x'  —  sin  y'  =  2  cos  i 
(x'  -fy')  sin  i  {sC  — y').    Dividing  one  by  the  other,  we  get 

mnx^jfjiny' _ tanJK£+^ 
sin  x' --- sin  y      tan  i  (x'—y')* 

We  can  change  the  x',  Ac,,  to  A,  Ac.,  because  it  can  have  any  value.    We  can 
say, then, nuA-^BmB:  sin  ^  —  sin  B: :  tan  j(A  +  B):  tan i  (A — B), 
Hence  we  have,  by  combining  this  proportion  with  one  previously  given,  a+h:a  —  ft : : 
tenH^  +  ^:    tani(^  — B). 

LxcruRXS  Nob.  Ill  and  IV. 
(January  20, 1882.) 

PLANE  AND  8PHXRI0AL  TRIOONOXBTRY.      PLANS  TBIQONOMBTRY— Continued. 

Theorem  ni.— The  square  of  any  side  of  a  triangle  is  equal  to^  the  sum  of  the 
squares  of  the  other  two  sides,  diminished  by  twice  the  rectangle  of  these  sides,  mul- 
tiplied by  the  cosine  of  their  included  angle.    Ohauvenet,  page  59. 


Flo.  34. 


Froo/0f  Theorem  III, 
BP^o-^AP 


B  P« = -4  P« + o»— 2o  xAP,  Add  o  P«  to  both  members,  and  sub- 
stituting we  have a^^l^  +  tfl^fioxAPy  but  the  triangle  ACP 
gtves  AP=h  cos  A,  Substituting  this  in  the  precedinff  equa- 
tion we  get  a^^=  ft*  +  (^— . 2  ft  o  cos  2I  as  was  to  be  proveid,  then 
cos^  =  l^+<^  — o^. 


2fto 

There  are  four  cases  in  oblique  triangles. 

Case  I.--Oiven  two  angles,  A  and  B,  and  one  side,  0, 

C  =  180O--U  +  B) 

jL a  sin  B  ^     «  sin  0 

sin  A  sin  A 

Cabb  n.~Oiven  two  sides  (a  and  ft)  and  one  axigie  (A) 

sin-B  =  ^iiB-£    C  =  180O  — (ii-f ^    o=aflinooa«eo^, 
a 
Sometimes  two  solutions. 

Case  m. — Given  two  sides  (o  and  ft)  and  the  included  amrle  (O 

^  +  B==180O  — C 

(a  +  ft) :  (a— ft)  ::  tan  i  (2I  -|- B) :  tan  i  (A-B) 
from  which  can  be  found  A  and  B,  having  given  the  sum  and  difference. 

^     asm  G 
sin  A 
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CAfOE  ly. — Given  the  three  aideflt  a,  5,  and  c, 

^^=-26^^ ^^=        gac  <^<^=    2a> 

SPHERICAL  TRIOONOMBTRT. 

Sphenoal  tadgonometry  investigates  the  relations  which  subsists  between  the  angles 

id  the  angles  at  which  the 
angles  less  than  180^  only. 


opiien  otu.  urjguuuuietry^  inYestigaioB  itao  reiauons  wnicn  snos  _ 

oiiae  plane  faces  which  form  a  solid  aogle  and  the  angles  at  which  the  plane  faces 
are  inclined  to  each  other.    We  will  consider  ansles  less  than  ' 


Ho.  25. 


Let  Obe  the  center  of  a  sphere  and  suppose  a  solid  ansle  * 
formed  at  0  by  the  meeting  of  three  plane  angles.  Let  the 
lines  bounding  the  sides  of  the  angles  oat  the  sphere  at  the 
points  Af^  B,  and  C.  Then  A,  S,  C  will  be  a  spherical 
triaDgle,  If  we  Johi  the  points  by  great  circles  of  the  sphere. 
O     Let  the  tan  at  J  to  the  arc  A  C  meet  O  C  produced  at  E. 

Let  the  tan  at  J.  to  the  arc  A  B  meet  O  B  prudnoed  at  D. 

Then  join  E  D,  Then  the  angle  EADiBihe  angle  A  of 
the  spherical  triangle,  and  the  angle  E  O  D  measures  the 
aide  a.    From  the  triangles  A  D  E  and  OD  Emt  have 


B  ^^jT&'it-A  iP»-2  AD.  AEeoBA 

5^=0^+0^-2  OD.  O  17  cos  a 
The  angles  OAD  and  0  AEaae  right  angles,  so  that 


0  B^=0  A^+A  D",  and  O  -B»=0  A^+A  E» 
Hanoe  by  substitution  and  subtraction  we  have 

0=2  0Ti>+2  AD.  A  EooB  A— 2  O D,  OEeoBa 

Therefore  ^^    OA    OA    AE    AD 

^^^*==0E'   OD'^Oir  OD^^"^ 

That  is  cos  a=.  cos  h  cos  c+sin  ft  sin  o  cos  A 

cos  a— cos  ft  cos  0 


•    •  COSils 


sinftsin  o 


Theorem.    The  sines  of  the  angles  are  proportioned  to  the  sines  of  the  opposite 
sides. 

Proof.    We  have  ooe  J-^^  fl~cos  ft  cose 

sinftsin  o 

Therefore,  ,in*A=l-('^'r^^  ^^'^ 

V^       sinftsino      y 

a=s(l— COS'ftXl—COtfo}— (cos  <h-0OS  ft  COS  c)' 

sm'ft  sin'o 

=(1— oos^o-cotfft~cos«o-f  2cos  ocosft  ccw  0 

sin'ft  sin^o 

V(l  cotfg— cotf  ft— oos'c4-2  cos  a  cos  ft  cos  o 
•••"^^=  Bin  ftsinc 

Then  '^  ^_t/(l~cos  *«— cos'ft — eos  »cH-2  cos  a  cos  ft  cos  e) 

sin  a^  sin  a  sin  ft  sin  o 

But  it  can  be  shown  in  a  similar  way  that 

sin  Jg^t/(1— cos  *<>— 'COS  *ft— cos  »e-|-2cosacosftcose)^ 
sin  ft  sin  a  sin  ft  sin  0 

•     ein  ii  =  sin  Jg  =  sin  C 
sin  a      sin  ft     sin  o 
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Fio.  M. 


In  evezy  spherioal  triangle  there  are  six  elemente,  name^,  three  aides  and  three 

angles,  hesides  the  radios,  whioh  is  constant.  When  three 
parts  are  given  the  remaining  three  ean  be  found.  Liet  O 
oe  a  right  angle  in  the  triangle  ABC,  From  any  point 
Pon  OAt  draw  P  if  perpendienlarto  0  C;  then  draw  MIn 
^  perpendicular  toOB.    Then  P  Jf  is  perpendicular  to  M  S. 

PA^«  =  Plg«+gy«  =  Qf» 

— 5lf «+ o  jf  •  —  cy» = op» — 03r«. 

.*.  P  ^  O  is  a  right  angle  and, 


OP^OM" OP 


;  that  is,  cos  c  =  cos  a  cos  &    (1) 


PJf     PJf 
0  P^P~}f 


^  ^ ,     that  is,  sin  6  =s  sin  B  sin  c    )  ,a\ 
O  P '    similarly  sin  a=: sin  ^  sin  o  )  ^  ' 


MN_ MJf     PN^     that  is,  tan  «  ==  cos  B  tan  e 
P  K'  '  0  K*    similarly  tan  h  =  cos  A  tan  o 


ON 

PM 
OM 


}(3) 


P  ^     MN       that  is,  tan  h  =  tan  B  sin  a    \fA\ 
WN  '  OM'     similarly  tan  a  =  tan  ^sin&$^^^ 


Multiply  together  the  two  formuls  (4)  thus : 

tan  a  tan  b 


tan  A  tan  B  = 


therefore 


cos  0 


by(l) 


sin  a  sin  h      cos  a  cos  b 

COB  c  =  cot  A  cot  B  (5) 
Multiply  crosswise  the  second  formula  in  (2)  and  the  first  in  (3)  thus : 

sin  a  cos  B  tan  c  =  tan  a  sin  if  sin  c 


therefore 


cos  5  =  ?i5jl^?!i  =  sin  ^  cos  J  by  (1) 


cos  a 


thus  COS  jB  =  sin  ^  cos  &         Kf,^ 
similarly  cos  ^  ==:  sin  JS  cos  a  ^  ^  ' 

« 

These  formula  provide  for  all  cases  of  right  spherical  triangles. 

NAPIER'8  CmCULAR  PARTS. 


FlO.  27. 


Any  one  of  these  parts  may  be  called  the  middle  part.  The  two 
parts  next  to  it  are  called  the  a^acent  parts,  while  the  remaining 
two  parts  are  called  the  opposite  parts.  Then  Napier's  rules  are 
therollowing: 

Sine  of  the  middle  part = product  of  tangents  of  a^aoent  parts. 

Sine  of  the  middle  part  =  product  of  cosines  of  opposite  parts. 

Napier's  analogies  are, 

tanj^-f  i?=  <^8i  (<*-&)  cot  ^ 

cosi(a-f>)  2 

Un  4  (Jl-5)=»*!Lii£j=J!lcot  ^ 
'  '^  ^      sin  i  (a  +  5)         2 

tan  i  (a  +  b)  ^^o^HA-B)  ^  e_ 

tani(a-6)  =  *^?A(4z^)tan  ^ 

There  are  six  cases  of  the  general  spherical  triangle: 
Case  I. — Haying  given  the  three  sides ;  we  have : 

cos  A  =    cos  o  — COS    coso     ^^^  gimilAT  formulae  for  cos  B  and  cos  0, 

sin  b  sm  0 
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Case  II. — Having  giyen  the  tfaiee  anglea;  we  have  ahown  tliat 

^^^^   ooBa'-o(Mhi!0^o    similarly  for  ooe  J?  and  coe  C. 
sin  0  sin  0 

Then  oos  A  +  oos  B  cos  C  = 

(cos  a  —  ooe  h  ooe  o)  sin  *a  +  (cos  ft  —  cos  a  cos  o)  (cos  c  —  cos  a  cos  h) 

sin  *a  sin.  ft  sin  o 

In  the  nnmerator  of  this  fraction  write  1  —  cos  'a  for  sin  "a;  thns  the  nnmerator 
will  be  fonnd  to  reduce  to  cos  a  (1  oos  'a  —  cos  *ft  —  cos'o  +  2cosacoBftcoso),  and 
this  is  eqnal  to  oos  a  sin  B  sin  C  sin  *a  sin  ft  sin  e  by  what  has  been  shown  before. 
.*.  008  if  +  cos  B  cos  C  =  008  a  sin  ^  sin  O. 

Similarly  the  two  coirespondinff  formnlsB  may  be  prored. 

Case  III. — ^Having  given  two  sides  and  the  included  angle  (a  C  ft).  By  Napier's  anal- 
ogies 

tani  .iH-J?  =  ^?li4^L=L^coti  C.    Also  tan  i  (4  -  B)  ==  ??LiJfLri41  cot  *  C. 

oos  i  (a  +  ft)  sm  i  (a  4-  ft) 

These  determine ^  and  B.   Also,  sin  C=  «p«»^o. 

Case  IV.— Given  two  angles  and  the  included  side  {A  e  B),  By  Napier's  analogies 

tani(a+ft)=^^<-J7^>  tanic.    Also  tani(a-ft)  =  ?^J4^^  tan  i  C. 
cos  i  {A  +  B)  Bin  ^  (^  H~  ^) 

These  determine  a  and  ft.    Also  sin  C=  "^  'f  ^"^ — . 

sma 

Case  V. — Having  given  two  sides  and  the  angle  opposite  one  of  them  (ah  A) 
sin  B  =  ^^  sin  A,    Then  C  and  o  can  be  found  by  Napier's  analogies 

cosia-f-s  cost(il  —  B) 

Case  VI.— Having  given  two  angles  and  the  side  opposite  one  of  them  (A  B  a)  . 

sin  ft  = —JEL5L.  Also  C  and  o  are  determined  as  in  Case  V. 

sin^ 

The  oases  of  ambiguity  arising  have  not  been  considered. 

Lbctur»No.  v. 

(January  24, 1882.) 

ANALYTIC  OEOMBTRT. 
DITBODUCnOK— THX  POOIT. 

We  will  assume  that  the  algebraic  si^^  +  ^^^  —  express  the  upward  and  down- 
ward directions  of  vertical  lines,  the  directions  from  left 
Fio.  28.  iQ  right  and  frt>m  right  to  left  or  horizontal  lines,  and  in 

ffeneral  distinguieh  between  the  opposite  directions  of 
unes  which  have  the  same  general  airection. 

In  this  diagram  the  position  of  P  is  determined  if  we 
know^Pand  JTP.  Call  ^  P  and  JfPx  and  y,  or  abscis- 
sa and  ordinate.  For  the  point  P,x=^,if=ft;  forP^ac=  — 
a,  y=b,  d&c.  The  signs  of  the  co-ordinates  of  a  point  show 
in  which  quadrant  the  point  lies,  while  the  magnitudea 
'^of  the  coordinates  locate  the  point  in  that  quadrant. 
This  system  of  co-ordinates  is  caUed  rectansiUar.  (Take 
examples  of  locating  points  and  plotting  figures.) 

Problem.^To  find  the  distance  between  two  given 
points  in  terms  of  their  co-ordinates. 

Let  Pi  with  oo-ordinatexi  =  OMi  yi = Jf|  Pi  and  Ps with 
co-ordinates  Xg =OAfs  y^  =  Af^  P«  be  the  given  points. 

Let  8  represent  the  required  distance  between  Pi  and 


Y 

1^ 

r 

N 

P 

J 

o 

M"' 

f*" 

• 

Y' 
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Fig.  29. 


P%,  Thiongh  Pi  draw  a  parallel  to  O  X  and  let  it  meet 
Mi  Pt  in  the  point  B.  Now  we  know  that  Pi  BP^  most  be 
a  right  triangle,  and  therefore 


d*=Pr^'\'P^ 


We  may  write 


>^        P,  B=Mi  Mi=Mi  0-f  01fs=  Oif3~OJfi=X8~Xi 
J2Pa=BJf8  +  Jf,  P9=lf8  Pr-Ma  B=zMg  P,— Jfi  Pi=y8— yi 
J  We  have  then 

*S^  ^       ««=(a!i-afi)  >+(y2-y,)«,  ora=i/(xs-Xi)«H-(fi— y,)« 


Lbcturk  No.  VI. 
(January  27,  1882.) 


ilNALYTIC  QEOMETKY. 


LOCAS  or  AX  SQUATIOH. 

We  will  now  consider  the  point  when  it  is  not  limited  to  a  single  position,  but  is 
confined  to  a  series  of  positions,  any  one  of  which  it  may  take,  and  at  the  same  time 
hare  its  oordinates  satisfy  the  conditions  imposed  upon  them.    When  x=o  is  the 

given  data,  then  Plies  on  O  T.    When x=  a  the  distance  of  Pfrom  O  Fmnst  be  a. 
imilarly  we  can  have  valnes  for  y  only. 

Suppose  x=s  jf,  then  P  mnst  lie  on  the  line  A  B.    When  x^^y,  P  mnst  He  on  the 

line  C  D.  The  locns  of  an  equation  is  the  path  of  a 
point  which  moves  in  the  plane  so  that  at  each  in- 
stant its  co-ordinates  satisfy  that  equation  when  sub- 
stituted therein  for  x  y,  the  variables  in  that  equa- 
tion. The  equation  of  a  curve  is  the  expression  in 
an  equation  of  the  relation  which  exists  between  the 
co-ordinates  of  every  point  of  that  curve  and  of  no 
other  points. 

We  may  obtain,  by  observingitsffeometrio  proper- 
ties, the  locus  of  X»-f  y«=a«.    We  Know  that  x'+jf* 
represents  the  square  of  the  distance  of  the  point  P, 
which  has  x  and  y  for  its  co-ordinates,  from  the  origin 
^  O  P*=^<fijO  P^a;  P  then  moves  in  a  circle  with  a  for  a 

radius  and  o  for  a  center.  This  sircum|ereuce  is  the  locus  of  the  equation  a^-fyB=sa^ 
We  can  also  get  the  geometrical  construction  of  the  equation  by  assuming  a  vaJue 
for  one  of  the  variables  and  solving  the  equation  for  the  other.  If  we  repeat  this 
operation  several  times  we  can  obtain  several  points  on  thelocusp.  The  distance  firom 
the  origin  along  the  axis  of  x  to  a  point  where  any  curve  cuts  tne  axis  is  called  an 
intercept  of  that  curve  on  0  X,  similarly  on  O  Y.  These  intercepte  are  found  if  we 
lint  put  y  =  o  in  the  equation  and  find  the  value  of  x,  then  put  x  =  o  and  find  the 
value  of  y.  We  may  find  the  intersection  of  two  curves  by  considering  that  the  point 
of  intersection  is  a  point  of  each  curve ;  therefore  ito  co-ordinates  must  satisfy  each 
equation.  We  solve  the  two  equations  for  x  and  y  and  the  resulting  values  of  the 
unknown  quantities  are  the  co-ordinates  of  the  point  or  points  of  intersection. 

Lecture  No.  VII. 

(January  31, 1882.) 

ANALYTIC  QEOMETRT. 


A  BTRAIOHT  UHX. 


The  loci  of  many  equations  are  straight  lines.  Find  the  equation  of  a  straight  line 
which  cute  O  X  at  ^  and  O  Z  at  B.  The  lines  O  A  and  O  jB  are  the  intercepte  of  A  B 
and  will  be  called  a  and  b  respectively.  Let  P  represent  any  point  onAB  and  draw  i  t  .4 
co-ordinates  0  M=^x  and  if  P  =  y,  we  have 
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MP     OB 

^,,v 

MA^OA 

-a(l) 

But  MP= 

=  y  and  M A==0  A'-O M^a^x. 

Sabstitating  theM 

valae8in(l) 
a— « 

we  hft  ve 
ft 

a 

or  ay=a 

h^hx 

or 

hx  ,  «y 

ah 

ah  ~^ah ' 

-ST 

or 

a  +  ft 

=  1. 

This  last  eqaation  is  called  the  eauation  of  the  straight  line  in  terms  of  its  inter- 
cepts. A  straight  line  is  determinea  if  we  know  where  it  cats  0  T  and  also  its  direc- 
tion. The  first  of  these  is  given  by  the  intercept  on  O  7,  ft.  The  second  is  expressed 
by  the  angle  which  the  line  makes  with  0  X,  which  we  will  call  y. 


I^<»'  82.  The  tangent  of  v,  which  is  called  the  slope  of  the  line, 

we  will  indicate  by  A.  We  have 

y==MP:=zMB  +  BP  =  OB  +  BP,hutOB=haad 
TBQ^JiAQ^r 

^  ^=tan  y=;ior 
B  B  ^ 

BP=BB  X  A  or  £P=  Ax.  We  have  theny=:ft+ 
XxoTff^Xx  +  h;  the  equation  of  the  straiffht  line  in 
terms  of  the  intercept  and  slope.  Given  toe  co-ordi- 
nates of  the  point  Pi  («i  ifi)  on  a  line  and  the  slope  of 
the  line  A  we  can  deduce  from  y  =  A  x  -f  ft  the  eqaation 
of  the  line,  if  we  can  find  such  a  value  for  ft  tnat  the 
line  with  that  intercept  and  the  slope  A  shall  pass  through  P,  We  can  have  yi  =  A 
(xi  -I-  ft),  in  which  Xi  yi  and  A  are  arbitrary  constants,  then  ft  =  Xi  ~ A  xi,  Sabstitating 
Ibis  in  y = A  «+ft,  and  we  get  y  — yi=:  A  (x — xi)  (1),  the  required  equation.  We  can 
make  this  line  pass  through  the  point  P»  (xs  ys)  by  giving  an  appropriate  value  to  A. 
We  must  have 


yi— yi=A(x8— xi)  or  A  = 


y«-ifi 


Xi — Xj. 


y« — yi  y """  y*    * — xi 

Substituting  this  in  (1)  we  get  y~yiss    __     (x  —  Xi)  or  ^rHy  =x»—x  theequation 

of  a  line  passing  through  Pi  Pj. 


Lecture  No.  VIII. 
(Februarys,  1888.) 

AKALYTIC  GEOMETRY. 
A  C 

Ax-fBy-fC=0        ys— ^x  —  ^    |>=xcos  cx-fy  sin  ex.    Express  a  and  ft  in 

terms  of  p  and  ex.  Where  p  =  perpendicalar  distance  of  the  line  from  O  and  ex  the 
angle  this  perpendicular  makes  witn  O  X.  To  find  the  angle  between  two  straight 
lines  given  by  their  equations.  y==: A x  +  ft  (1)  ftnd y  =  Ai  x -f  fti  (2).  Let  6  be  the 
angle  which  (2)  makes  with  (1).    Then  7  -f-  0  =  /i ;  whence  0  =  yi  —  /. 

Tang=!^°r^~^^°yortang=    ^' ''^' 


1  -f-  tan  yi  tan  y 


1-i-A,  XA 


If  (1)  and  (2)  are  parallel,  then  6=^  (Pot  I8O0  and  tan  0= 0.    Ai  =  A.    If  the  lines 

are  perpendicular  tan  d  =  Infinity.  At  =  —  jr     Parallel  lines  have  the  same  slope. 
Lines  at  right  angles  to  each  other  must  have  the  slope  of  the  one  equal  to  the  nega- 
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Fia.  33. 


Fio.  M. 


tive  of  the  reciprocal  of  the  slope  of  the  other.    2lx-f  By  +  C=0  and  A^x+B^y  + 
0  =  0,      When  the  lines  are  parallel  — ^=-^.   Therefore ^x-f  By-f  C»  =  0  rep- 

reaente  a  line  parallel  to  the  oiYen  line.  If  the  lines  are  per- 
pendicnlar^Ji  =  — BB>.  Therefore B»—Jiy+C=rO  is  the 
perpendicnlar  to  the  given  line. 

Aimr  M-onfMolet.  Direction  and  distance  from  a  fixed 
point. 

Let  O  X  be  a  fixed  line  and  O  a  fixed  point.  The  position 
of  P  is  ffiYenbj  the  angle  X  O  P=s  f  and  the  distance  OP  =  r, 
0=:poTe.  r=:  radius  rector.  f=:  Tectorial  angle.  0X= 
the  initial  line. 

Lbcture  No.  IX. 
(February?.  1882.) 

AITALTTICAL  GEOMBTRT. 
TSAlfSVOBMATIOir  OF  COOBOOTATIB. 

Compare  the  oo^>rdinates  of  a  point  referred  to  one  set  of  axes  with  the  co-ordi- 
nates of  the  same  i>oint  referred  to  a  parallel  set.  Let 
OXandOrbe  the  original  set  of  axes;  O'X'andO'F 
the  new  set  parallel  respectiYely  to  the  old.  O'  the  new 
origin  has  co-ordinates  in  the  old  system  which  we  will 
call oE^and  yo;  then  Xo=  0 Mo  and  yo  =ifo  ^<  Let  P 
X'  represent  any  point;  the  co-ordinates  referred  to  X  O  F 
are  x  =  O  Jf  and  y^MP,  The  co-ordinates  referred  to 
JT'  (y  F  are  x'  =  O  if '  and  y'  =  JT  P.  Then  0M=0 
Jfo-f  JliJf=OJfo-f  a  AT;  alsoJfPsJTiT  +  if'P 
=  ifo  O'  -f  JKf '  P,  orx=:xb-f^andy=yo-f  y'.   Example. 

We  can  change  from  one  rectangnlar  system  to  another  keeping  the  same  origin. 

To  change  from  a  rectangular  to  a  poliur  system  with  the  origin  Tor  the  pole  and  the 
axis  of  X  for  the  initial  line. 

Let  P  be  any  point; 

xz^OM,  y  =  JfP,  orr=  0  P;  f  =  XOP 
Then  OM^={OP)  cos  f  or  x  =  r  cos  f 

Jf  P  =  (O  P)  sin  f  or  y  s  r  sin  f .    Examples. 

The  Circle. 

A  circle  is  the  path  of  a  point  that  moves  in  a  plane  so 

that  its  distance  from  a  fixed  point  in  that  plane  is  constant.    Let  C  be  the  fixed 

point  with  co-ordinates  Xe  and  yc.    P  a  point  on  the  curve  with  co-ordinates  x  and  y. 

v,^  ^  Let  a  represent  the  constant  distance  of  P  from  C. 

^  rxo^3t_^^  ^^  j^^^^  ^j^^^ 


Y     ^ 

r» 

P 

o» 

M' 

"X' 

0 

Me 

M 

X 

Fia.  35. 


CP  =  a(l);  CP  =  i/((x-Xe)«  +  (y-yc)") 
Substituting  this  value  in  (1)  we  have 


Or 


i/((x-xc)«  +  (y-yc)»)==a 


(x-xc)«-f  (y-ye)»=a« 
1^       j^     "T:  the  equation  of  the  circle. 

^  When  C  is  the  origin  Xe  =s  0  and  yc  =  O  and  (he 

equation  becomes  x*  4-  y*  =  o^. 

Lecture  No.  X. 
(February  10,  1882.) 

ANALYTIC  GEOMETRY. 

We  use  the  term  secant  in  analytics  to  denote  a  straight  line  which  cuts  a  curve  in 
two  points.    When  the  points  are  coincident  we  call  the  secant  a  tangent.    A  normal 
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to  a  oaire  is  a  straight  line  perpendicular  to  the  tangent.    We  have  x*  +  y*  =sa*  (1). 
Let  Pi  he  the  given  point.    Equation  of  any  line  through  Pi  may  he  written 

y— yi  =  X(af  — xi)(2) 

This  ecniation  will  represent  a  secant,  tangent,  or  a  normal,  according  to  the  valne 
given  to  A.  het  Ai  he  the  slope  of  a  secant,  cutting  the  curve  in  Pi  and  Pt ;  At  the 
slope  of  the  tangent  at  Pi ;  An  the  slope  of  the  normal  at  Pi.  Determine  X;  At,  and 
An  and  snhstitnte  the  values  in  (2). 

A.=l«r:l? 


We  have 


«8— Xl  ^ 

x^a  -f  yi«  =  a«  and  xb*  +  y8«=  o^ 
Or  xi«  -f-  yi8  =  X8«  4-  y»8,  or  ya»  —  yx«  =  -  (x,'— x,«, 

Or  (ys— yO  (ys-f  yi)=— («8— xi)(x3-f-xi) 


Or 


ya  —  yi Xi-f  Xi    .     j^  _ _  aPa -f  Xi 

x^  —  xi         ys  +  jfi  * '     *        jTs-f-yi 


In  the  case  of  a  tangent  Xg  =  Xi  and  y8=  yi ;  A«  heoomes  At  and  we  have 

^  ^^ xi-f-gi  ». «i 

'       yi+yi         yi 

For  the  normal  we  have 

1 l-Jfi 

An  —  -~  -s—  — — 

At     xi 


The  equations  of  the  required  tangent  and  normal  are 

y  — yi  =  — ^'(x  — x,)and  y— yi  =  ^(x— x,) 

yi  xi 

Clearing  of  fractions  and  rememhering  that  Xi'  +  tfi*  =  ^^  ^® 
havex]  x  -f-  yi  y  =  a^  the  equation  of  the  tangent,  and  yi  x — x^  y 
=  0  the  equation  of  the  normal.    Examples. 

Lecture  No.  XI. 

(FehruaryU,  1882.) 

ANALYTIC  GEOMETRY. 

An  ellipse  is  a  curve  generated  hy  a  point  moving  in  a  plane  so  that  at  each  instant 
the  sum  of  its  distances  from  two  fixed  points  in  that  plane  is  constant. 
An  hyperhola  is  a  curve  geoerated  h^  a  point  moving  m  a  plane  so  that  at  each  in- 
stant the  difference  of  its  distances  from  two  fixed  points 
in  that  plane  is  constant. 

A  parahola  is  a  curve  generated  hy  a  point  moving  in  a 
plane  so  that  at  each  instant  its  distances  from  a  fixed 
point  and  a  fixed  line  in  that  plane  are  equal. 
The  three  curves  are  called  the  conic  sections. 
To  find  the  equation  of  an  ellipse.  The  two  fixed  poin  te 
are  called  foci.  Take  the  straight  line  Joining  them  for 
the  axis  of  x,  and  the  point  midway  hetween  theux  for  the 
origin.  The  focal  radii  measure  the  distance  of  the  point 
from  the  two  fixed  noints.  Let  2o  =  the  constant  dis- 
tance hetween  the  foci  and  2a  =  the  sum  of  the  focal  radii.  Let  r  and  W  he  the  dis- 
tance of  P  from  F  and  Fu  Co-ordinates  of  F^  and  i^are  ( —  c,  o)  and  (o,  o),  and  the 
equation  which  expresses  the  definition  of  the  locus  is 

r»-f-r  =  2a(l) 
Expressing  r>  and  r  in  terms  of  x,  y,  and  c  we  have 


r»=  i/(x-fc)« -f  y«  and  r  =  i/(x—cy  +  y« 
Substituting  these  values  in  (1)  we  have 


!/(*+  cy  +  y'  +  ViJ^-cr  -f  y^  =  2« 


BEPORT   OF   THE   CHIEF   SIONAIi-OFFICER. 


156 


(a?^o)9-fy«  =  2a  — i/(ap— o)»-f-y» 


(«  +  c)»4-y»=4a  — 4o-i/(«— c)«-|-y2+(x— c)«  +  y« 


Or 
Or 

Or  

4a -i/(aj— o)« -f  2^  =  4a^  —  4oa; 

Dividing  by  4  and  squaring  again  we  get 

fl?»a^ — 2a«o  aj-f- <i?  c»  4- aY  =  «*  —  2a2cjc  +  <!»*» 
Or 

(rt«  —  <^)  a?  +  a»  y3 -=<j9  (<|a  _  ^) 


Eepreaent  a'~<^  by  i^. 
Then  we  liave 

Or 


LSCTURB  No.  XH. 
(FebmarylT,  1882,) 

ANALYTIC  GEOMETRY. 
%  TBB  HTFBBBOUL 

We  have  r» — r  =  2a.    Then  (a«— <^)  a^  -f-  a»  y» = a*  (a*— c^).    Bnt  aa  in  this  case  w© 
lepxesent  the  constant  difference  between  the  focal  radii 
by  2a  and  between  the  foci  by  2e  we  have  o  less  than  a,  no.  89. 

Tlierefore  c^  —  a'  is  negative ;  consequently  ^  is  negative      g 
and  we  have 

—V 05"  -ffl' y'  =  —^  a*  or  63  a^  —  o?  y»=a8  6« 
■^ — 53=^1  the  equation  of  the  hyperbola. 

PABABOLA. 

Take  O  F  as  the  fixed  straight  line  called  the  directrix, 
and  O  X  the  perpendicular  upon  the  directrix  from  the 
fixed  point  or  focus  F.  Let  P  oe  any  point  on  the  curve. 
Let  m  =  constant  distance  of  the  focus  from  the  directrix. 

Fia.40. 


FP=:EP        JPP  =  i/(«— •i)«4-y8         J5P=0ifsssX. 

Then  («— m)«  4- y»  =  a^  or  y»  —  211105  4- m«  =  0  the  equation  to  the  para- 
I   bola.    Wh6n  the  origin  is  midway  between  the  focus  and  directrix 
the  equation  becomes  y*  =s2ma5. 
Migor  axis  is  ^  ^'  minor  axis  B  B',    The  parameter  is  the  breadth 

of  the  curve  through  the  focus.    The  eccentricity  of  an  ellipse  =  — 

Lecture  No.  XIII. 

(February  21, 1882.) 

The  hour  was  occupied  in  examining  and  making;  a  new  classification  of  the  men 
under  instruction  preparatory  to  the  further  course  in  analytics  and  calculus. 

Lecture  No.  XIV. 

(February  24, 1882.) 

CALCULUS. 

Functions. 

Dependent  and  independent  variables,  oonstaut«. 
Algebraic  and  transcendental  fanctions. 
Increments  and  differentials. 
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Limiting  ratios  and  derived  ftinctions. 
Differentii^  and  differential  coefficient. 
Al^braic  illustration. 
Trigonometrical  illustration. 
Qeometrical  illustration. 
Examples. 

Lecturb  No.  XV. 

(February  28, 1882.) 

CALCULUS. 

Limit  of  a  Tariable  magnitude. 

Definition  of  a  li  mit. 

Eiamples. 

An  inscribed  and  circumscribed  polygon. 

Length  of  a  curve. 

Area  of  a  circle. 

The  limit  of  a  product  is  the  product  of  the  limits. 

The  limit  of  a  quotient  is  the  quotient  of  the  limits. 

Differentiation  of  algebraic  monomials. 

Lbcturb  No.  XVI. 
(March3, 188P..) 

3ALCULU8. 

Differentiation  of  the  algebraic  sum  of  a  finite  number  of  terms 

Examples. 

DiflEerenttation  of  the  product  of  two  functions. 

Examples. 

Differentiation  of  the  product  of  any  number  of  functions. 

Examples. 

Di^eieatiation  of  a  quotient. 

Examples. 

Lbcturb  No.  XVII. 

(March  7,  1862.) 

CALCULUS. 

1.  Differentiation  of  an  integral  power. 

2.  Differentiation  of  a  fractional  power. 

3.  Differentiation  of  a  negative  power. 

4.  Differentiation  of  sin  X.  • 

5.  Differentiation  of  cos  z, 

6.  Differentiation  of  tan  X. 

7.  Differentiation  of  sec  x, 

8.  Differentiation  of  cotan  x. 

9.  Differentiation  of  cosec  x. 


I 

I 

Lbcturb  No.  XVIII. 


(Miffch  10, 1882.) 

CALCULUS. 


y.,  g  ^«_(g+l/l~a^)<fa~gd(»+i/l-g') 

x  +  i/i-.a^..,  («+>/l— x«)« 

,  x(— 2asdx) 

(X +  1/ 1- *•)  dr-«lx-  2^^^^=^ 
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Multiplying  hj  \/l — jfi  and  dividing  by  the  same,  we  have 

(1— a^)dg4-a^<fe ^ 


'  y  y  X 

Let  #  =  x>    ThenZr  =  xZx 

dv=riB:(l+7x)<2x 

^y=x»  ^+x«lr(l-f-te) 

y  X 


Then 


4  =  x»  ^+x»te  +  x«(lx)»bnty=x«' 
y  X    ' 

.-.  liy  =  x»V  r  1  +  te  +  (te)«)«te 

liBOTVRB  No.  XIX. 

(March  14, 1882.) 

CALCULU6. 

Sooceasive  differential  coefficients. 

The  dope  of  a  onrre  at  any  point  is  shown  by  the  first  differential  coefficient  of  the 
ordinate  at  that  point. 

tanO  =  §^ 

dot 

Find  the  second  diiforential  coefficient  of  the  ordinate  at  the  point;  if  this  is 
negatiye,  the  corye  is  ooncave  downward ;  if  poeitiye,  it  is  concave  npward.  Take 
Uie  case  of  a  parabola : 

]|"  =  2ixr;    Sf=i/^ 

<iir_     »    ,  <^y  ^ --  gpd  (2i/ 2pg )  ^  _-3Jpg-^      _P^ 
dx     V2j>x'    ^  4(S?iw)  2^2px4(2px)        If" 

*~  i?p5  dy  ~S^"~1>»    dj/^^p 

The  first  differential  coefficient  must  be  either  0  or  oo  at  either  a  maximnmor  mini- 
mnm  state.  Find  the  first  diif.  coeff.  of  the  fonction,  set  it  eqnal  to  0  and  x,  we 
shall  have  the  two  equations  which  will  give  all  the  valnes  of  the  variable  that 
belong  either  to  a  masdmnm  or  a  minimmn  state  of  the  Amotion. 

Examples: 

I.  y  =  3  +  (x-2)«;2  =  2(*-2)  =  0.-.x  =  2;  jf  =  3 
§=2(2  +  dx-2)         S  =  +  2dx 
^=2(2-dx-2)         ^  =  -^dx 

n.  y  =  4(x  — 3)f    x  =  3,y=r4.    Max. 

HI.  jf  =  3  +  2  (x  —  1)*    X  =  1,  y  =  3.    Neither  max.  or  min. 
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Lbcturb  No.  XX. 
(Moroh  17,  1882.) 

CALCULUS. 

When  the  first  diff.  coeff.  =  0,  as  it  is  in  most  cases,  the  following  practical  rale  oan 
be  given  for  the  solution : 

lUace  the  first  differential  coefficient  of  the  function  equal  to  zero ;  substitute  each 
root  in  the  successive  differential  coefficients  of  the  function  until  one  is  found  that 
does  not  reduce  to  0 ;  if  this  is  of  an  even  order  and  negative  the  root  corresponds  to 
a  maximum,  if  of  an  even  order  and  positive,  to  a  minimum ;  but  if  of  an  odd  order 
it  corresponds  to  neither  maximum  nor  minimum. 

EXAMPLE. 

y  =  a?~3x-f.2;  ^  =  2«-3  =0;  x==i 
S  =  2;(-g)  =  H-2whenx  =  i 

Here  x  =  f  corresponds  to  a  minimum  state  which  lb  y  =  —  ^. 

EXAMPLE. 

Find  a  cylinder  whose  surface  is  equal  to  i  and  whose  volume  is  a  maximum. 

Let  X  =  radius  of  base,    y  =  altitude,    v  =  volume. 

Then  v  =  irtfiy    8  =  2n3fi'^2nxy 

s^2ir3fi 
Then  v  =  infi  — n— —  =i(«5  — 2wa5») 


$ 


3  2sy/ei^      2^7  ox/   •         o 

.*.  The  altitude  equals  twice  the  radius  of  the  base 

DIFFERENTIAL    EQUATIONS. 

[Note. — The  following  course  on  differential  equations  is  based  on  Boole's  Trea^ 
ise,  and  was  delivered  by  Mr.  Waldo  to  a  select  portion  of  the  dlass  at  Fort  Myer.  ] 

Lectures  Nob.  I  A2n>  II. 

A  diffidrential  sanation  is  am  expressed  relation  ihvolvine  differential  coefficients, 
with  or  without  tne  primitive  variables  from  which  those  mfferential  coefficients  are 
derived* 

The  species  of  differential  equations  are  determined  either  bv  the  mode  in  which 
the  differential  coefficients  enter  into  their  composition  or  by  the  nature  of  the  dif- 
ferential coefficients  themselves.  Two  great  classes:  1^.  Ordinary  differential  equa- 
tions are  those  in  which  all  differential  coefficients  involved  have  reference  to  a  single 
independent  variable.  2^.  Partial  differential  equations  are  oharacterused  by  Sie 
presence  of  partial  differential  coefficients,  and  therefbre  indicating  the  existence  of 
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two  or  more  independent  variables  with  reapeot  to  whioh  tbeae  differential  coefficients 
haye  been  formecL    Creneral  form  of  1^  class, 


The  order  of  a  differential  equation  is  the  same  as  the  order  of  the  his^hest  differential 
coefficient  whioh  it  contains.  The  degree  is  the  same  as  that  of  the  oufferential  coeffi- 
cient which  marks  its  order  when  rationalized. 

■XAMPLBS.       ^ 

When  a  differential  equation  can  be  expressed  in  the  form 

^.+-4^^  •  •  •  •  Xidf«=-i 

in  which  XXi  X%^  ^c,  are  constants  or  {unctions  of  x  only,  the  equation  is  linear. 
When  St  x%  &o.,  referred  to  the  general  type,  are  constant,  the  equation  is  a  linear 
ditterential  equation  with  constant  coefficients  j  when  they  are  not  constant,  the  equa- 
tion is  a  linear  differential  equation  with  Tariable  coefficients.  The  solution  of  €ui 
equation  is  the  determination  of  the  relation  existing  among  the  yarlable  quantities. 
Example: 

x-/4-y  =  co8X.  » 

Multiplying  by  dx  we  haye  x  dy  -t-  jfdiss  =s  cos  x  dx.    Integrating,  xjf  =  sin  x  -^  o. 
ne: 


Examp] 


«^-y-f-««'  =  o 


Hnltiplying  by  dr,  diyiding  by  x",  and  transposing,  we  have 

xdy  —  ydx      ^dx 
x"        ~    x 

Integrating  -?=    T-^fl -f  c 

The  relation  among  the  variables  which  constitutes  the  general  solution  of  a  diflbr* 
«atial  equation  is  termed  its  complete  primitive.    Example : 

Substituting  value  of  o  from  (2)  in  (1),  and  we  have 

dv 


Take  ^ 


7  =  *^ 


Differentiate  **L:^l^«0,orxdy=ydic        y=^x  ^ 

x*  ax 

this  is  the  same  as  (3)  .*.    To  remove  the  constants  flrom  an  equation  we  differentiate 
the  equation  and  then  eliminate  the  constant.    If  y  =  o^,  log  f  =  log  o  -f-  ox  log  a. 

[NoTB.— A  portion  of  the  first  lecture  hour  was  taken  up  in  explaining  to  the  class 
the  nature  of  the  higher  mathematics  that  would  be  needed  in  meteorological  work.] 

Xjecturk  No.  hi. 

If  we  differentiate  an  equation  containing  both  x  and  y  and  combine  the  differen- 
tial equations  with  the  primitive,  we  caa  eliminate  all  the  constants,   y  s  cu^  -f-  &  x  (4) 

g=8iix  +  K5)  From(4)6=,tt:^  =  |.-flx 
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Sabetitate  this  Ytdne  in  (5)  and  we  get 

^  — 2ax=JL  — ax,  ory=  «?^  — oas"  (6) 

This  is  free  from  h,    DifferentiatiAg  (6)  we  get 

^=  x^  +  $^  — aoxwhenceUa^^- 
Sabetitoting  this  valne  of  a  in  (6)  we  have 

^l^t-  205  ^  -f  2y  =  0  (7)  which  is  now 
dofi  dot 

free  of  constants.  We  can  eliminate  a  first  and  h  afterwards  and  the  result  will  be 
the  same.  The  order  in  which  the  constants  are  eliminated  does  not  affect  the  final 
differential  equation. 

y  =  o««4-oiefc«(8)  ^=  «06« -f  Wfl>«  (9) 

dx 

aijf  =  floeu  -f-  oo^ste 

Subtracting,  we  get 

g— ay=(d-a)o>fl»«(10) 
Again  differentiating,  we  haye 

But  from  (10)^  —  a5y  =  ft  (6  —  a)  o^^ 

dx 

Subtracting,  we  get 

g-(a+6)g  +  afty  =  0(ll) 

liBCTUBJB  No.  IV. 

y=:a»+^(l))  the  equation  of  aright  line,  ^sa  (2)  shows  the  inclination  of  (he 
line  to  the  axis  of  x.    Combining  the  two  equations,  we  have 

i.-'-ir  Or,  $f-.X2§=ft(3) 

Differentiating  (2),  we  have 

• 

showing  that  there  is  no  maTimum  or  minimum.    Diagram.    Other  inferences. 

The  general  form  of  a  diff.  eq.  of  the  first  order  and  degree  between  two  Tariablee 
is  Mdx  +  ^1^  =  0,  where  M  and  N  are  functions  ot  x  and  y.  Let  V  and  v  be  explicit 
functions  of  the  two  variables  x  and  y.  Then  if  F  be  expressible  as  a  function  v,  the 
condition 

dVdv     dVOv^ 

<litfy~(«ydx~"^^^ 

will  be  identically  satisfied.    And  conversely.    Ist.  Suppose  Tr^^v).    Then 

dr_df(v)  dp.  dr_  d^v)  (to 

dx~    dv    dx'  dy^    dv    dy 

At  dff 

Multiply  the  first  by  j-  and  the  second  by  ^,  and  subtracting,  we  have 

drd©_drdr_ 

dr  dy      djf  dx" 
The  equation 

af+jr2=o(i) 
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alwa3'8  inyolves  the  existence  of  a  primitive  relation  between  x  and  y  of  the  form 
/(x,  y)  =  c,  in  which  c  is  an  arbitrary  constant.    Examine  first 


Then 


~=^(«,y)(3) 


Assign  a  series  of  values  to  x,  as  xq,  xi,  a^,  &o.    Let  yo  correspond  to  Xq,    Then 

Ayo  =?=  i>{xoy  yo) AaPo    .  • .  yo  +  Ayo  =  yo  +  0(aoyo)  AaV) 
Then  yi  =  yo  +  ^(^oyn)  (xi— oto).    In  like  manner  ya  may  be  found. 

Lecture  No.  V. 

Exajnple  applied  to  last  lecture: 

xb=0,  Xi  =  l,  X2=2y  X3  =  3,  &o, 
yo=l,  yi=2,  y8=5,  y8=13,  &c. 

Two  distinct  complete  primitives  of  Mdx  +  ^<2y = 0  cannot  exist. 
Suppose  there  are  two,  ii = c,  v = o^    Then 


and 


eliminating  ^f  we  have 


du  .  du  dy  _Q 
dx*dy  dx 


dx^dy  (te~ 


dx  dy      dy  dx^  ' 


We  may  have,  then,  /  («)=c^,  which  is  resolvable  into  equations  of  the  form  use. 
Example: 


/ 


(xdx4-ydy)=0;  ?!±K!  =c*j  or  a(^+y9=o. 


Example : 


dx     ,     dy  _/|. 


1+x^l-fy 
Example: 


+  ^  =  0;  log(l+x)  +  log(l  +  y)  =  o;  or,{l+«)(l+y)  =  c«). 


.T^,/4 137  =  " 


sin  -»x  +  sin  -*y = o ; 

sin  sin — *x  cos  sin — »y -f  cos  sin — *x  sin  sin-^y = sin  o ;  or 

X  i/i^Z^+yi/j x« = C,  where  C  =  sin  c. 

Example : 

l/l  — a^^l/l— y«       ' 

/dx  ^       C  dy 

— 7/i^^=  c^8-*x+ const. ;      I  —   >^--— , = ooe  -'y + const. 

COS  (cos  -^x  +  oos-*y)  =  cos  cos-*x  cos  cos-*y —  sin  cog-*x  sin  cos-^y ; 

orxy— i/(i— a^)(i_y«)-.c 

llsia 
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Lecturb  No.  VI. 


ay— l/(l— «»)  n  — y*)  =  C08  Cj  may  be  reduced  to  form  x\/(X — y*) +yi/(l  -fl^) = sin  C\. 
This  agrees  witn  the  results  of  last  lecture  if  C=:  sin  Ci.  In  general,  the  test  of  the 
accordance  of  two  solutions  of  a  differential  equation,  each  involving  an  arbitrary 
constant  is,  that  on  eliminating  one  of  the  yariables  the  other  variable  will  disap- 
pear also,  and  a  relation  between  the  arbitrary  constants  alone  result.  Sometimes 
the  work  may  be  simplified  by  dividing  or  multiplying  the  equation  by  a  factor.    Let, 

xdx      ydy 

jj-:  —  jS^ = 0.    Multiplying  by  (1-f  x)  (1+y)  *^d  we  have  x  (l+x)  dx  —  y  (1+y) dy=zO, 

Integrating,  we  have 

2"»"3      2      3""^ 
Oeneral  form  is 

Xi  yi  dx-^xa  ys  dy=0  ^  <*»+?  ^=0 

*%         yi 

Example : 


an/l+y  dx+yi/l-f-a^  dy=0 


Dividing  by  i/l+y*  i/l-H^  we  have 

xdx  ydy  _^ 

•l+a?"'"i/l+y*-" 

Integrating,  we  have 


Sometimes  a  simplification  must  be  made  before  separation.    Examples: 

(«-y«)<fa4-2aBydy=0 
Here  first  assume  y = V{xz),    Example : 

(y-»)(i+«»)*<iy-»(i+y»)*<te=o 

Here  assume  x=tan  0,  y =tan  ^.    Then  ^  —  0 =^. 

Homogeneous  equations:  Mdx-^-Ndy^^Q  is  homogeneous  when  if  and  iVare  homo- 
geneous functions  of  x  and  y,  and  are  of  the  same  degree. 
Example: 

{y4-^«»-f-y»)dx-xdy=0 
Assume  y=vx.    We  can  obtain 

Lecturb  No.  VII. 

General  demomira^on :  Let  M  and  N  be  homogeneous  functions  of  x  and  y  of  the 
nth  degree.    Then. 


M=^f(j)  ^=-V'(|) 


Then  Mdx  -f-  Ndy=:0  becomes 


f(j)<bc  +  i,(^^ay=0 


Lefc  y = «x,  then  dy  =  vdx  +  xdv.    We  have,  then, 

^{v)dx  +  if  (v)  (vdx  +  xdv)^0 
Or 


Cf  (V)  +  t^  WJ  dx  +  if(v)xdV=::0 
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Therefore 

dx      '     if{v)dv 

Integrating  we  have 

/jf  (v)  dv      ^fi 

Examples : 

(x  —  \/xv — y  )<Zx  +  i/jEy  4lf  =  0 

Here  3f=x — \/ay— y;  «  =  !.    iV=i/xjf  =  «i/»,  and  if=x  (1 — \/v—v),  where 
y  =  «x.    Then 

^  (r)  =  l  — r*— t  V'  (»)  =  «* 

Substitutihg  the  values  in  the  last  general  equation  we  have 

iog«+r_?*^^_=c 

To  integrate  this,  let  v  =  <>.    Then 

/2t^dt  f  2fidi  _  r  2l«d< 

We  find  that  ^  =  1,    B=— },    C=i.    Then 

(l-0»  (1  +  0=  J  (1-0-  ~J  2(i-0+J  5  04 


(1+0 


=j~i+|iog(i--0+4iog(i  +  0 


B«t 

ilog(l-0+ilog(l  +  0=log(l--0+ilog(l-^) 
Henoe 

Hence  we  haye,  r^lacing  i  by  —^ 


(•-?) 


+  i  log  I  ^:=^  I  +  cr 


Lbotubb  No.  VIU. 

General  case :  {ax  +  fty  +c)  dx  +  (a*x  +  6»y  +  c»)  dy  =  0.  Let  x  =  x*  —  a, y  =y*  —  B* 
Substituting  these  values  we  have,  (ax^  +  by^  —  aa  —  6/?-4-o)dx*-f-  (a»x*  +  ^*y*  — 
iii£i;_  (1^  4. 0*)  dy  =  0 ;  whence  if  a  and  /?  be  determined  by  tne  conditions  aa  -{-h^^s 
0;  a*  a  +  6»/tf  =  c',  we  shall  have  the  homogeneous  equation  (ox*  +  dy»)  dx*  +  (a*x*  -f-  6*y') 
dy*  =  0,  making  y*  =  rx*,  dividing  through  by  x*,  and  expanding  we  con  obtain 
dx*  (a*  4-^*17)  dv 

— f-  -f  fl4./'54,fli\y4_yyg  =  Oi  which  may  be  integrated.  We  might  assume  ox  +  &y 

4-  0  =  X*  and  a*x  +  (*y  +  0*  =  y*.     Then  adx  +  (dy  =  dx*  (I),  and  a^dx  +  b*dy  =  dy* 

(2) ;  multiply  (1)  by  a,  and  (2)  by  5 ;  subtracting  we  get  dy  =  ?!^Ijii^\      simi- 

0*0  —  aJr 
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larly  dx  =  — iL_ZL_JL.    Substituting  these  in  x^dx  -f-  y^^y = 0,  and  reducing  we  have 

(&»x' — a^y*)  dx*  —  (frx*  — ay»)  <!y*  =  0.    This  can  easily  be  reduced  and  the  integral  oTthe 
original  equation  derived. 

General  caae :  -M.^  Py=zQ.    P  and  Q  being  functions  of  x.     First  let  § = 0.    Then 

ax 

^y^Py  =  0.       ^=.^Pdx. 
dx  '     y 

P(fX+C.\  y=«  =  Gc 

When  Q  is  not  equal  to  0,  then  solve  by  last  form  and  suppose  C  some  ftmotion  of  x. 

Then  ««  =g  ^  =  e        ^ 

e        Qdx  +  0 
Substituting  this  value  of  C  in  the  value  of  y,  supposing  Q  =  o,  and  we  have 

y  =  e  (/*  Qdx  +  o) 


Lbcturr  No.  IX. 
Example : 

^--^  =  (x+iy»         ^=^         «  =  (x  +  l)»  Tpdr  =  -21og(a;  +  l) 

ox     x-f-1  x-f-l  ^ 

^'^^=(x+l)-»     *   ry*   gdx=   r(x  +  l)dx  =  i5±l^  +  o 

.•.y  =  (x  +  l)«  j^^±ii'  +  c|    • 

.  Example : 

dy ny^Ex^^  +  l)n  p  =  -     *  C  =  J5x(x  +  l)» 

rfx       X  +  1  X  -J-  I 

//Fdx  n   /pdK  n 

Pdx  =  — nlog(x+l)  ^      =(x  +  l)-"  I  -E        Qdx=    I  E^dx  =  E^ 

.•.y=(x+l)n(£«  +  o) 

Discovery  of  a  factor  which  will  make  Jlfdix  +  -^dy  =  0  an  exact  differential. 
Proposition :  The  one  necessary  and  sufficient  condition  under  which  the  first  mem- 
ber of  the  equation  Mdx  +  Ndy  =  0  (1)  is  an  exact  differential  is  ~-  =  -f-. 

ay        ax 

Proof: 

Let     -3^=^(2)       ^=^(3)       ^ai-Ty        rxdy^ -^^^^       "Ty^^di^^^ 
We  must  show  this  to  be  sofficient. 

dx 


r=  CMdx  +  e(6)  %^0 


e  may  vary  with  y.  , 

^ifdx  +  ^(y)  (7) 


...  r.  / 
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V  must  satisfy  (3).    Sabstituting  in  (3)  the  value  of  V  given  in  (7),  anil  reducing^ 
we  have 


.(.)  =  /(^-'^,^)-,  +  c 


(8) 


If  the  coefficient  of  i!j(  is  a  function  of  y  only,  we  may  write 

dx     dx     dy  ^  ^  dx        dy  ^    ' 

Lectcrb  No.  X. 
Substitute  in  (7)  the  value  of  0  (y)  found  in  (8)).    Then 

•     r=jMdx^f(^N--^-^fyy  +  C     (11) 
Then  supposing  (10)  to  he  true — 

Jitix  +  J(N-^^')dy  =  C    (12) 

Practical  rule :  To  solve  the  equation  Mdx  +  Ndy  =  0,  when  the  first  member  is 
an  exact  differentiali  integrate  Mdx  with  respect  to  x,  regarding  y  as  constant,  and 
adding  instead  of  an  arbitrary  constant  an  arbitrary  function  of  if,  which  must  after- 
wards be  determined  by  the  condition  that  the  dififerential  coefficient  of  the  sum  with 
respect  to  y  shall  be  equal  to  N.  Then  the  sum  equated  to  an  arbitrary  constant  will 
be  the  solution. 

Example :— (x*  —  4«y — 2y«)  dx  +  (y« — 4xy — 2a^)  dy  =  0. 

Here3f  =  a?— 4xy— 2y«;  N=  y' —  4a;y  —  2aJ».  We  may  also  divide  ^dv  +  JVily  =  0 
into  twd  parts,  one  of  which  is  an  exact  dififerential.  Then  we  must  examine  the 
other  part. 

Example : 

When  the  first  member  of  Mdx  +  Ndy  =  0  can  be  rendered  an  exact  differential 
by  multiplying  by  a  factor,  this  factor  is  termed  an  integrating  factor. 

Example :  (1  -f  j^")  <2x  +  ^y^y  =  0 

Multiply  by  2x  and  it  can  then  be  integrated.  There  always  exists  a  great  number 
of  these  factors.    Proof  that  they  always  exist. 

THERMODYNAMICS. 

[Note. — ^The  following  course  of  lectures  is  based  upon  Mr.  Waldo's  notes  of  the 
course  delivered  by  Prof  Wolcott  Qibbs,  of  Harvard  College.] 

Lecture  No.  XI. 

In  studying  {he  effect  of  heat,  the  body  is  supposed  to  be  at  rest.  Physical  state 
defined  by  weight,  volume,  and  pressure.  Unit  of  weight  is  one  kilogram.  Specific 
volume  V,  any  other  volume  F.  Pressure  normal  to  the  surface  ana  equal  at  every 
point ;  p  is  the  8i>ecific  pressure  or  pressure  on  the  unit  of  surface.  A  knowledge  of 
energy  and  entrophy  required  to  determine  the  complete  physical  state.  Add  to  the 
unit  of  weight  of  a  body  ki  from  without,  a  small  quantity  of  heat  d  Q,  The  follow- 
ing changes  take  place :  Increase  of  living  force  of  molecular  motion  dw:  Change  of 
position  of  the  atoms  and  molecules  dl:  Change  in  volume  of  the  body  and  conse- 
quently pressure  overcome  d  L,  And  since  unit  of  work  =  7^7  part  of  a  unit  of  heat, 
which  we  will  call  A,  we  may  write  dQ  =  A  {dw-hd  I-{-dL)  (1)*  In  a  solid  dw  =  0. 
Make  dl-yLL^dJI,  then  dQ  =  A  (dw-^-dH),  AdSfis  the  heat  of  disgreffation.  Let 
dio4-<2/=:  dtt.  Then  dQ  =z A  {du^dL)  {2) ',  du  represents  tl^e  whole  work  consumed 
within  the  body;  u  is  the  whole  mechanical  .work  accumulated  in  the  body.  We 
must  know  it  for  some  initial  condition  of  the  body ;  u  =  F(Vy  v). 
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du=^dp+^dv 
dp         dv 

Patting 

dp  dv 

Equation  (3)  is  a  complete  differential 

,dX^dZ 
'  '  dv     dp 

Extemdlvwrk,'^The  term  dL  of  (2)  gives  the  work  corresponding  to  change  inyolome. 
Pressure  may  remain  constant  or  vary.  Pressure  upon  the  body = pressure  of  the 
body. 

Regard  the  external  pressure  as  tk  property  of  the  body. 


dL=pdv(6) 
.'.dQ^iAidu-^-pdv) 

Lecture  No.  XII. 


(9) 


If  we  integrate  this  equation,  considering  u=zF(pv)  to  be  known,  and  represent 
the  initial  and  final  conditions  by  vipi  and  v^p^f  we  have 

Q=AF(piVt)^AF(piVi)+A  \pdv    (10) 

Jvi 

We  must  know  how  p  varies  with  v  in  order  to  determine  Q.    Represent  the  rela* 

jMlvwill  be 

Vi 

expressed  by  the  area  PjPsFsFi  which  will  also  represent  the  ex- 
ternal work  done. 

An  infinite  number  of  curves  in  which  Pi  and  P%  may  be  points. 
When  a  body  passes  from  one  state  to  another  by  the  addition  or 
removal  of  heat,  the  change  in  the  internal  work  is  completely 
determined  by  the  initial  and  final  states  of  the  body.  The  exter- 
nal work  depends  on  the  law  connecting  pressure  and  volume. 
I  Let  the  pressure  remain  constant ;  then  F^Pi  becomes  a  straight 
line,  parallel  to  axis  of  abscissas.    Then  « 


Fio.  41. 


P» 


pdV=: 

Vi 


P  (»f— Ui) 


Let  the  volume  remain  constant.  Then  the  curve  PfPi  becomes  a  straight  lino 
parallel  to  axis  of  ordinates.  In  this  case  the  whole  heat  is  expended  upon  internal 
work.    When  the  transformation  takes  place  without  addition  or  removal  of  heat 

Q  =  0.    Then  pdv = — du,  and 


P(pi»i)  — PCpsra) 


The  external  work  is  equal  to  the  variation  of  the  internal  work.  When  external 
work  is  done  in  the  passage  from  (piVi)  to  (p8ri),it  is  at  the  expense  of  the  internal 
work.  The  curve  P3P1  gives  for  this  special  case  the  law  according  to  which  the 
pressure  varies  with  the  volume,  and  it  is  called  the  adiabatio  curve. 

Lecture  No.  XIII. 

We  have  dussXdp'\-Zdv.  Equation  (9)  becomes  0=zAdu+ApdVf  whence  Xdp^ 
—  (Z+p)  dv.  If  we  know  the  form  of  the  function,  «  =  JF*  (v,  p),  we  could  integrate 
and  obtain  the  equationof  the  adiabatic  curve. 
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Suppose  the  internal  work  to  remain  constant,  then  du  =  0,  and  we  have  0  =  Xdp-^ 
Zdv,  Integrating  this  and  we  have  the  isodynamio  curve.  (9)  Gives  dQ  =  Apdv,  All 
the  heat  is  converted  into  external  work.  When  the  temperature  remains  constant 
during  the  changes,  the  curve  expressing  the  relation  between  p  and  v  is  called  an 
isothermal  line.  When  p  =  the  pressure  of  the  body  itself,  dL  =ipdv  gives  the  external 
work  for  increase  of  heat  dQ ;  also  du  =■  Xdp  +  Zdv.  Substitute  these  two  values  in  (2) 
and  we  have  dC= -4  {Xdp-^(Z'^p)dv).  Fntiting  Z+p=T {II.),  then  dQ  =  A  {Xdp -{- 
Ydv)  (12.)    From  (11)  we  have 

dZ,^_dT  or^-^  =  l 

dp  dp^       dp      dp 

But 

dZ_dX  .dT_dX^i 

dp      dv  '  *  dp       dv  ^* 

The  first  princi|>al  equation  of  the  mechamcal  theory  of  heat,  Xdp  +  Tdv,  is  an  in- 
complete differential.    The  heat  Q  is  not  determined  bv  the  initial  and  final  states. 
Equation  (12)  may  be  made  integrable  by  means  of  an  integrating  factor  of  the 

form  ~,    T  is  a  new  fhnction  of  p  and  v. 

dg  =  ^T(^^dp  H-Jdr )(13) 

d^(p..)  =  gd|,  +  Jfi?. 

would  be  the  form  of  a  complete  differential*.    X  and  Fmust  be  determined  as  fnno- 
tions  of  p  and  v. 

LSCTUBB  No.  XIV. 
If  the  expression  within  the  parenthesis  be  a  complete  differential,  we  have 

i(f)-l(0'"""''(?)-'Ci-)=''(l)-'-(C) 

Combining  with 


We  have 


dj^      dX 

The  second  principal  equation  of  the  mechanical  theory  of  heat. 

By  means  oi  I  and  II  we  can  put  (12)  into  other  forms.    Since  T=  ^{Pf  v)» 


then 


^^^^^P-^a^dv  (14) 

In  (II)  find  value  of  F,  then  of  X,  and  substitute  these  in  (12)  and  reducing  by 
means  of  (14)  we  have 

dQ^^  A  {xdp  +  ydv) 
A 


dQ^     /dT  \5    xdT+Tdv 


>    in.    Identical  equations. 


J 


dQ  =  x^dp  -f-  y^dv  (/3),  where  x^  =  Ax^  y»  =  Ay, 
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The  second  member  can  be  made  a  complete  differential  by  means  of  an  integrating 
factor.  Suppose  the  integral  of  X^dp  +  T^dv  =  0  to  be,  F(v,p)=r  fi.  Differentiat- 
ing we  have 


We  then  have 


Then 


Where  A  is  a  function  of  v  and  p 


F^vdv  +  F^pdp  =  0        Oi  ^  =—  S^ 

av  F^p 

y      Fv 

y^ f^ 5 

F^v  "■  F^p  ~  ^ 


y' 


Divide  (/3)  by  X  and  we  have 


=  F^v 


31^ 


dQ 


Or,  -^=  F^pdp  4-  F^cdv 

Put  X'^^f^ 

in  which  X  and  u  are  functions  of  p  and  v.    There  is  a  function,  X,  of  two  independent 


variables  such  that 


dQ 


becomes  a  complete  differential.    An  infinite  number  of  such  functions. 

,       Lectubb  No;  XV, 

Representing  the  transformation  from  Vip\  to  Vtpt  by  a  curve,  we  have  for  any  in- 
finitely small  change,^=/'-    When  the  body  passes  from  state  (1)  to  state  (2)  the 

quantity  of  heat  given  out  or  absorbed  is : 


also, 


Q=pXdfi 


If  the  body  returns  to  its  first  state,  we  have 


/ 


¥=» 


Fig.  42. 


Camot's  theorem:  When  a  body  undergoes  any  series  of  transformations  accom- 
panied by  changes  of  volume,  pressure,  and  temperature,  it 
sometimes  happens  that  the  inverse  changes  mav  take  place 
under  the  same  circumstances,  and  the  transformation  is 
then  said  to  be  reversible.  We  have  a  large  body  K,  a  good 
conductor  of  heat  in  communication  with  the  body  to  be 
studied.  The  bodies  are  always  at  the  same  temperature. 
The  transformation  will  be  reversible.  Another  condition  is 
necessary ;  the  pressure  exerted  by  the  body  j)i  must  always 
equal  p.  The  equations  for  isothermal,  isodynamio,  and  adia- 
batic  lines,  are  as  follows : 


t=f{v,p) 


u=F  (r,  p) 


M=^  («,  P) 


B 


C    V 


Suppose  a  body  passes  from  (vipi)  to  (v^)  according  to 
line  of  transformation  AB.  Draw  through  A  the  isodynamic  line  Ui  and  through  B  the 
adiabatio  us.    They  intersect  at  C. 

For  this  case  the  equation  of  energy  J?Q=Att-f-«  (another  form  of  10)  becomes 
J?0=nfs— »!-(-«.  The  external  work  done  by  the  body  is  represented  by  the  area  A  At 
BBi,  The  variation  of  the  internal  energy  Ati=i(«~tii  is  represented  by  BBi  CC\  Q=0, 
and  we  have  ici— if«-f«i=0,  «f— w  i=«^  The  whole  quantity  of  heat  Q  communicated  to 
the  body  during  the  transformation  is  represented  in  mochanioal  units  of  work  by  the 
sum  of  the  two  areas  AAxBBi^BBiCCi.    (See  Fig.  No.  42.) 
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Fio.  43. 


A      k.     B 


v:i 


K. 


Ct, 
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A  cycle  is  a  series  of  transformations  in  wbich  a  body  returns  to  its  initial  state. 
Oarnot's  cycle  is  formed  of  two  adiabatio  and  two  isothermal  lines.  Two  isotherms, 
DC  and  AB,  corresponding  to  ti  aad  ft,  and  two  adiabatic  lines,  AD  and  BC,  corre- 
sponding to  ^1  and  fn.    The  instramental  body  passes  through  AB,  BC,  CD,  and  DA. 

The  body  is  in  contact  with  K^  at  temperature  fg,  a  perfect 
conductor.  During  CD  the  body  is  in  contact  with  Ki  at 
ti.  During  AB  the  body  receives  a  quantity  of  heat,  Qs» 
producing  positive  external  work  represented  by  the 
area  AAi  BB\y  Q-=^  A  (^u  -f  «).  During  BC  the  internal 
energy  is  transfonned  into  positive  external  work  BBi  CCu 
Daring  CD  a  certain  quantity  of  heat,  Qi,  is  disengaged. 
No  heat  gained  or  lost  from  D  to  A^  but  the  internal  en- 
ergy is  increased  to  its  initial  state  A, 

The  quantity  of  heat  Q  =  Qa  —  Qx  gained  by  the  ma- 
chine is  changed  into  external  work  8,  Suppose  the 
machine  worl^  from  D  along  DC,  It  takes  from  K\  a 
quantity  of  heat  Qi.  It  undergoes  a  variation  of  internal 
energy  and  produces  the  external  work  DC  C^D^,  Along 
A,  I^  ac,  Y  cj^i^  receives  the  external  w6rk  CB  BWK  Along  BA  it 
gives  up  to  the  body  ^s  the  quantity  of  heat  Q3.  Alone  AD  there  is  a  diminution  of 
external  energy.  In  this  reverse  process  the  machine  takes  from  Ki  heat  Qi  and  gives 
to  iTs  a  larger  quantity  of  heat  Qi.  A  quantity  of  heat  Qs — Qi  is  created ;  at  the  same 
time  it  has  received  a  greater  quantity  of  work  than  it  has  done.  The  quantity  of 
work,  5,  done  upon  the  machine  is  transformed  into  an  equivalent  amount  of  heat. 

Then  S  =  E9  (Qa  —  Qi.) 

Lecture  No.  XVII. 

The  machine  creates  heat  by  means  of  work.  It  is  assumed  that  it  is  impossible  to 
convey  heat  from  a  colder  to  a  warmer  body  without  the  expenditure  of  work.  When 
different  bodies  act  directly  according  to  Camot's  cycle,  the  forms  of  the  isotherms 
•will  depend  upon  the  nature  of  the  bodies  employed.  Let  Qs  (^'t  Qi"  dec,  correspond 
to  heat  taken  from  f  «,  and  Q\  Q\'  Qx",  &c.,  correspond  to  heat  given  to  Ki^  then  we  can 
show  that 


Qi 


e's 


(?"s 


^,&c. 


Q%-Qi~Q\-  Vi  ""  C"» - e"i 

If  they  are  not  equal,  heat  can  be  conveyed  from  a  colder  to  a  warmer  body  without 
an  expenditure  of  work.    Suppose 


Qi  —  Qi  _. »»  -loo  _?^<^  ^ 
y^-Q'i     n  C'.^n 


A  and  B  are  two  bodies  operating  according  to  cycles  (A)  and  {B),  A  goes  n  times 
around  direct,  and  B  m  times  in  the  reverse  direction.  A  does  an  amount  of  work 
nE{Qa—Qt).    B  absorbs  a  quantity  of  work  to i? ( ^a  —  Q'l),    The  total  work  is  n  J5 

Qi —  Qi        TO 

(ft— Oi)  — w  ^(Cb— Q'i)=0,  because  gy  _q/  =^'    ^  takes  from  Ki  the  heat  n  ft, 

and  gives  to  Ki  the  heat  n  ft.  The  body  B  takes  from  Ki  the  heat  m  Q'l,  and  gives  Ks 
^  the  heat  m  0*%,  K%  then  receives  m  Qf^ — n  ft  and^i  has  lost  mQ'i  —  n  ft .  These  two 
quantities  are  equal,  and  mQ'a — nft]>0  as  found  before.  .'.  The  machine  would 
transfer  a  quantity  of  heat  (to  Qfx  —  ft  ft )  without  an  expenditure  of  work.  But  this 
cannot  be.  It  can  be  proven  that  the  second  ratio  cannot  be  gteater  than  the  first. 
It  is  therefore  equal.    From 


ft— ft_^«-C*i 


-we  can  get 


ft 


Ci 


ft 


Q'l 


The  ratio  of  the  quantity  taken  from  the  upi>er  source  to  the  quantity  given  to  the 
lower  source  is  constant^  when  the  bodies  operate  between  the  same  limits  of  temper- 
ature. 

Lectctrb  No.  XVIII. 

This  ratio  is  the  same  for  all  bodies.  It  is  independent  of  the  adiabatic  lines  and 
depends  only  on  the  temperature.  Suppose  a  macmne  operates  according  to  a  Camot 
cycle  A,  B,  C,  D,  so  that  we  have  //i  =  a  ;  fii  =  fi -{- dfi.    Then  for  every  small  transfor- 
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mation  dQ  =  Xdfif  when  A  and  a  are  fnnctions  of  p  and  v.  %,  the  value  of  the  funetion 
at  D  and  Xt  at  A,    Then  for  DC,  Q,  =  hdfi,  and  for  AB   ^  =  ^.     Then  the  ratio  A« 

is  independent  of  ^  and  is  for  all  bodies  the  same  function  of  ti  and  U*    Then  X  is  for 
Via  1^  ^^  bodies  the  same  function/ (0  multiplied  by  an  arbitrary  fnnc- 

^^'  **•  tion,  so  that  we  have 


Lt 


,^     If  this  is  so,  then 


whence 


If    ^  depends  only  on  U  and  U  the  same  is  true  for  ^  ^-  and  also  for  ^ — ^^ .     Sup- 

Ai 

•  

pose  U  becomes  t+dt.    Determine  the  state  oif  the  body  by  the  intersection  of  the  iso- 
thermal t  and  the  adiabatic  fi.    A  is  a  function  of  i  and  /i. 


A«-A,       ^(rfi) 


Limit 


This  ratio  is  the  same  function  of  t  for  all  bodies ;  we  may  therefore  write 


dt  _d  log  A 


logA=    /   V;(0<l*  +  log^W 


=/* 


or 


Place 


Cil>{i)dt 


A  =  ^(M)e 


i  /  ^(Od«  =  i^(t)  .-.  A=i^(0^(tf) 


■/ 


Let  ^  (a<)=  1.    Then  A  =  ^(Oy  or  a  function  of  the  tomperature, 

tYi~  ^  1-f  a^o 

where  a  =  .00367 :  writing  for  1  its  value,  273,  we  can  get 

a 

«_^273  +  t 

To     i>"  273  +  to 
and  therefore 

273 -f«      273 -f<o 

A  form  of  the  laws  of  Boyle  and  Charles. 

Lecture  No.  XIX. 

For  any  permanent  gas  ■  j^   is  constant,  and  if  we  denote  -JP^^    by  B  we  have 
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w  =B (273  +  0  =  -K^*  '^^^  tomperature  T = 27Z +liB called  the  absolate  temperature 
in  Centigrade  degrees.  Show  that  in  A,=:^(0>  F(t)=zTyOTX=sT.  Based  on  experi- 
ment. Specific  heats,  whether  under  constant  pressure  or  yolume,  are  proportional  to 
the  temperature  alone.    We  havej  therefore, 

dQ  =  Crdt  and  dQ  =  Opdt  dt^dT 

Hence  Q  =  CtT.  (i=^epT 

m 

H«nc  |;=| 

but  <^«'« 


«i    Vi 


Heno« 


Qt—T, 


t 


Qi    Ti 
for  all  bodies. 
When  we  are  considering  fi  and  fi+dfif  then 


We  haye,  therefore, 


or 


ft 

As 

«- 

^Ai 

^8= 

A=T0(/*) 

Hence  we  can  have 


Dividing  this  last  by  an  arbitrary  function  of  fi  and  we  have  X=  T,  as  a  function  of 
integrability.  The  absolute  temperatures  of  the  perfect  gas  thermometer  form  a 
natural  scale  for  all  bodies.  The  existence  of  a  function  ofintegrability  A  which  is 
the  same  for  all  bodies,  constitutes  a  fundamental  principle  in  the  mechanical  theory 
of  heat. 


where  /lis^  (pv)  peculiar  to  each  body. 


r 


dO 


In  an  isothermal  Tls  constant,  and  we  have 


or 


J=;£r--/ii 


Whence  we  have  ^  =  ^  =  /i» — ^, 

Ti     Ti 

or 

g8  — Qi  — r«— Ti      * 
Qs  T, 

The  ratio  of  the  quantity  of  heat  transformed  into  work  to  the  quantity  taken  from 
the  higher  source.  It  is  independent  of  the  nature  of  the  instrumental  body  em- 
ployed. We  have  for  an  ideal  gas  pv=zBT.  In  this  equation  the  quantity  R  is  for 
eaon  gas  a  constant,  the  numerical  value  of  which  can  oe  easily  determined. 
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Lectukb  Ko.  XX. 

If  we  replace  the  yolnme  of  the  unit  of  weight  v  hy  the  weight  of  the  unit  of  vol. 
ame  or  by  the  density  y  we'have  vy  =  1.    .•.    ^=BT.    Also  ^  =  jBiT.    .•.    Tl=  ^» 

y 

Pat   —  =  e*    Then  B  =  Rie,  which  is  constant  for  pennanent  gases.    B  is  the  con- 

stant  for  air,  then  for  another  gas  po  =:^=  .^    Regnanlt  found  for  air  at  0^  C.  and 

750mm  that  7=1.29318  kilog.    Then  for  air  B  =  29.272.    For  other  permanent  gases^ 

y                      €  B 

Air 1.29318  1.0000  29.272 

Nitrogen 1.25616  0.97137  30.134 

Oxygen 1.42980  1.10563  26.475 

Hydrogen 0.08957  0.06926  422.612 

dQp  =  CpdT.     dQr  =  CtdT. 

These  may  also  be  expressed  by  (III)  already  glyen. 

When  p  is  constant  4p  s  0 ,  and  the  the  3d  equation  of  III  becomes 

4£    dT. 

When  V  is  constant  the  second  equation  of  III  becomes 


77T 

Th«n 


) 


'-=  -4Kb- 

and 

Ax 


m 


Whence 

^  dp  A  dv  y^      ^  dp       B  do      B 

Then 

^B  AB  dp      dv         '  dp      1B     .      dv      AB 

Whence  Op  —  Cr  =  -4U.  If  ecp  ^  W^  and  ecr  =  W^  then  Wp  —  Wr  =:  ABe.  Be 
IS  constant  for  all  gnoses.  Hence  the  difference  between  the  specific  heats  of  equal 
volume  for  all  gases  is  the  same.    A  determines  the  mechanical  equivalent  of  heat. 

For  air,  B  =  29.272,  Op  =  0.23751,  Cr  =  0.16844,  and .'.  -^  =  — =  423.80  kilogs. 

Putting  Kcr  for  Op  equations  III  become 

dQ  =  ^^(vdp  +  xpdv) 

dQ  =  c^T+^:^dv 

V 

dQ  =  KcrdT  —  ^^dp 

P 

We  have  also 

Ct  (IT— 1)  =  AB.\K==  ^^  +  <^ 
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Appendix  No.  (3«.) 

LECTUBE8    DELIVERED    BY  COMMISSIONED    OFFICERS  BEFORE    THE 

CLASS   UNDER  INSTRUCTION  AT  FORT  MYER. 

I.  Lectares  by  Lient.  J.  P.  Story : — 

1.  History  of  Signal- Service  Weather  Work. 

2.  The  Work  of  the  Indi cations  Boom. 
Il»  Lectures  by  Lieut.  H.  H.  C.  Dnnwoody : — 

1.  Graphic  Chartings  in  Meteorology. 
2..  Signal-Service  Indications. 

3.  Signal-Service  International  Meteorology. 
m.  Lectures  by  Lieut.  W.  £.  Birkhimer: — 

1.  The  Use  of  the  Galvanometer. 

2.  The  Use  of  the  Signal-Service  Telescopes. 
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Headquarters  Fort  Mybr,  Ta.,  Augnsi  15, 1882. 
The  Chief  Signal  Officer,  Washingian,  D.  C. : 

General:  In  compliance  with  yonr  instructions  I  have  the  honor  to  submit  the 
following  report  for  the  year  ending  June  30,  188*2:— 

*  During  the  past  year  the  courses  of  iustructioni  as  prescribed  by  the  Chief  Signal 
Officer,  have  been  closely  and  carefully  followed  in  the  oases  of  both  officers  ana  en- 
listed men. 

The  commanding  officer  in  addition  to  his  appropriate  duties  has  had  immediate 
charse  of  all  instroction  at  the  post,  and  has  attended  personally  to  all  matters  of 
detau  as  far  as  has  been  practicable. 

The  number  of  men  for  duty  has  varied  from  27  to  73,  and  the  number  of  officers 
from  2  to  11.  The  average  number  of  men  for  the  year  was  57.  The  morning  report  of 
June  30,  1882,  shows  3  officers  and  56  men  for  duty,  but  of  this  number  2&  belong  to 
the  permanent  party;  the  remainder  being  the  men  under  instruction. 

Much  embarassment  has  been  caused  by  the  firequent  chcKnges  made  in  the  instruct- 
ors during  the  ^ear.  First  Lieut.  B.  H.  Oilman,  Thirteenth  Infantry,  Acting  Signal 
Officer,  was  relieved  from  the  duty  November  1, 1681,  and  ordered  to  his  regiment. 

First  Lieut.  A.  L.  Myer,  Eleventh  Infantry,  and  Second  Lieut.  H.  L.  Bailey,  Twenty- 
first  Infantry,  were  on  duty  as  assistant  instructors  in  military  signaling  and  meteor- 
ology, from  January  14,  1882,  until  May  1,  1882.  These  two  officers,  together  with 
Lieutenant  Walker,  Sixth  Infantry,  ana  Lieutenant  Baird,  Sixth  Cavalry  acted  as 
instructors  in  tactics.  ^ 

Second  Lieut.  James  A.  Swift,  Signal  Corps,  has  continued  as  instructor  in  teleg 
raphy  and  other  branches,  and  has  also  performed  the  duties  of  Acting  Assistant 
Quartermaster  and  Acting  Commissary  Subsistence.  Excellent  progress  has  been 
made  in  telegraphy  by  the  enlisted  men  while  under  the  charge  of  this  officer. 

The  class  of  officers  detailed  for  instruction  under  General  Orders  No.  26,  War  De- 
partment, 1881,  reported  for  duty  during  the  month  of  May,  and  at  once  entered  upon 
Its  course.  It  comprised  First  Lieut.  T.  W.  Morrison,  Sixteenth  Infantry,  First  Lieut. 
O.  P.  Cotton.  First  Artillery,  First  Lieut.  O.  L.  Hein,  First  Cavalry,  First  Lieut. 
A.  L.  Myer,  ilth  Infantry,  First  Lieut.  M.  P.  Maus,  First  Infantry,  First  Lieut.  G.  B. 
Walker,  Sixth  Infantry,  First  Lieut.  Wm.  Baird,  Sixth  Cavalry,  and  Second  Lieut. 
H.  L.  Bailey,  Twenty-first  Infantry. 

Lieutenants  Cotton  and  Hein  were  relieved  and  ordered  to  their  regiments  February 
2,  1H82.  Lieutenant  Morrison  was  also  relieved  March  10, 1882.  These  officers  did 
not  complete  the  course  of  instruction. 

The  remainder  of  the  class  completed  the  full  course  excepting  the  lonsr-range  signal- 
ing. The  entire  class  was  examined  at  the  Signal  Office  upon  the  first  half  of  the 
course,  but  no  final  examination  was  made  before  they  were  relieved  May  9,  1882. 

Second  Lieut.  W.  D.  Wright,  Signal  Corps,  U.  S.  A.,  reported  for  duty  at  this  post 
June  13,  1882,  and  has  commenced  his  course  of  instruction.    (Seelnclosure  1.) 

During  the  year  68  men  have  been  fully  instructed  in  station  duties.  Of  this  num- 
ber, 42  have  been  ordered  to  duty  on  station,  leaving  26  awaiting  orders.  Four  men 
were  discharged  before  completing  the  course. 

The  new  class  of  40  men  organized  in  January,  1882,  are  included  in  the  above 
number  of  men  who  have  been  instructed.  This  class  contained  many  superior  men, 
and  conducted  itself  in  a  manner  deserving  the  warmest  commendation.  It  is  be- 
lieved that  no  better  class  has  ever  been  instructed  at  this  post.  The  course  of  in- 
struction to  which  they  were  subjected  was  very  confining  during  the  whole  of  the 
six  months.  At  the  final  examination  one  man  failed,  and  he  only  in  telegraphy. 
(See  Inclosure  2.) 

Instruction  has  been  given  in  the  regular  drills  of  the  Signal  Corps,  including  torch, 
flag,  permanent-line  and  train  drills,  and  in  ordinary  cavalry  drills,  mounted  and  dis- 
mounted. 

The  practice  line  and  sea-coast  loop  referred  to  in  my  last  report  have  been  com- 
pleted and  are  now  in  successful  operation. 

A  series  of  interesting  and  experiments  have  been  made  over  the  range  between 
this  post  and  Sugar  Loaf  Mountain,  Maryland,  a  distance  of  thirty-two  miles,  with  the 
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Gmgan  beliostat.  Several  changes  have  been  made  which  have  greatly  improved  the 
InBtrumenti  which  i«  now  believed  to  be  perfect.  Lieutenant  Gmgan,  who  had  charge 
of  the  station  at  Sacac  Loaf  Mountain,  will  submit  a  detailed  report  of  the  experi- 
ments and  changes  that  have  been  made. 

The  barracks  nave  been  greatly  improved.  The  south  room  ha^  been  subdivided 
into  eight  roomsL  each  10  by  22  feet.  jBach  room  is  arranged  for  four  men  and  con- 
tains four  single  Dunks,  four  chairs,  two  tables,  wardrobe,  stationary  washstand,  with 
water  supply,  looking-glass,  window-shades  and  lamp.  Each  man  is  supplied  with 
sheets,  pillows,  pillow-cases,  and  clothes-bags.  The  rooms  are  all  heated  by  a  fur- 
nace, and  the  ventilation  is  excellent. 

T<:e  south  half  of  the  mess-hall  has  been  arranged  as  a  lecture-room,  and  provided 
with  all  the  necessary  school  furniture  to  accommodate  forty  men.  The  building  hkts 
been  raised  and  the  cellar  excavated,  giving  a  large  room  with  ceiling  9  feet  in  height, 
which  is  now  available  for  use. 

The  train- shed  has  been  raised  upon  a  brick  foundation  and  a  plank  floor  has  been 
put  in.  The  reservoir  has  been  completed.  New  fences  have  been  built  about  the 
officers'  quarters,  and  a  suitable  building  has  been  erected  for  the  storage  and  protection 
of  fuel. 

A  green-house  has  been  constructed  (mainly  by  the  labor  of  the  post),  of  sufficient 
size  for  the  i>ropagation  of  plants  for  decorating  the  erounds  of  the  post. 

A  new  spring  has  been  developed  which,  it  is  believed,  will  duplicate  the  water 
supply  heretofore  furnished. 

A  large  portion  of  the  reservation  has  been  inclosed  with  a  substantial  barbed- 
wire  fence. 

The  old  building  used  as  a  carpenter  shop  has  been  removed  to  the  rear  of  the 
stables,  and  the  one  formerly  adjacent  to  the  quartermaster's  storehouse  has  been 
moved  on  the  line  of  the  laundress'  quarters.  The  appearance  of  the  post  has  been 
greatly  improved  by  these  chau^es. 

The  quartermaster  and  commissary  storehouse  has  been  lined  throughout,  and  the 
spaces  between  the  foundation  piers  filled  in  with  brick. 

Much  work  has  been  accomplished  in  grading  the  parade-ground,  building  roads, 
clearing  up  underbrush,  &o.  The  post  gardens  are  in  good  order,  and  are  furnishing 
a  liberal  supply  of  vegetables  for  the  garrison.  A  fi,ne  orchard  has  been  set  out,  and 
in  a  few  years  will  be  the  source  of  an  abundant  supply  of  fruit. 

There  have  been  no  desertions  during  the  year,  and  but  one  death — ^that  of  Private 
Edward  Murphy,  who  died  of  aneurism  of  the  aorta  January  2,  1882.  The  health  of 
the  post  is  excellent.  Acting  Assistant  Surgeon  L.  W.  Ritchie  continues  on  duty  as 
medical  officer. 

On  the  lOth  of  October,  1881,  the  commanding  officer,  accompanied  by  Lieuten- 
ants Cotton  and  Swift,  and  thirty  enlisted  men,  with  one  section  of  field-telegraph- 
train,  in  compliance  with  your  orders,  proceeded  to  Yorktown,  Va.,  and  reported  for 
duty  to  Major-General  W.  S.  Hancock,  U.  S.  A.  Field-telegraph  lines  were  erected 
from  General  Hancock's  headquartrrs  at  Yorktown  to  the  camp  grounds,  a  distance 
of  about  three  miles,  and  five  stations  were  opened  on  the  line.  Connection  was 
made  with  the  Western  Union  telegraph  office  at  Yorktown,  and  a  large  amount  of 
work  was  done  over  the  line  which  was  of  much  service  to  the  commanding-general. 

Flag-signal  station  h  were  established  connecting  the  end  of  the  field-telegrapb  line 
with  a  tug  which  cruised  in  the  lower  harboiwabout  5  miles  from  Yorktown.  By  this 
means  the  arrival  of  distinguished  guests  on  the  different  vessels  was  repo^d  to 
Major-General  Hancock  in  time  to  have  the  proper  salutes  fired  as  the  vessels  entered 
the  harbor.  Owing  to  the  small  number  of  men,  and  the  fact  that  the  stations  were 
kept  open  from  7  a.  m.  until  midnijBcht,  the  labor  was  very  severe.    The  detachment 

Sirformed  its  duties  in  a  very  satisfactory  manner,  and  received  the  thanks  of  General 
ancock  for  its  services.    At  the  close  of  the  ceremonies  the  detachment  was  relieved 
from  duty  at  Yorktown,  Va.,  and  returned  to  this  post  October  24,  1881. 

Before  closing  this  report,  I  would  invite  the  attention  of  the  Chief  Sij^nal  Officer 
to  the  fact  that  at  this  date  there  are  but  two  officers  on  duty  here  in  addition  to  the 
commanding  officer.  One  of  these.  Lieutenant  Swift,  is  required  to  be  present  from 
four  to  six  hours  daily  in  the  telegraph  rooms,  and  in  addition  to  perform  the  duties 
of  Acting  Assistant  Quartermaster  and  Acti  ng  Commissary  of  Subsistence.  The  other. 
Lieutenant  Wright,  has  been  recently  appointed,  and  is  under  instruction,  his  time 
being  fully  occupied  with  his  studies. 

The  new  class  of  forty  men,  to  be  organized  next  month^  will  be  divided  into  five 
sections,  which  must  be  instructed  separately,  and  will  require  the  whole  time  of  one 
officer. 

If  the  school  of  instruction  is  to  be  maintained  it  should  be  furnished  with  the  full 
complement  of  officers. 

Very  respectfully,  your  obedient  servant, 

R.  P.  STRONG, 
Bvt  Capt  17.  8.  A,,  A.  S,  0.,  Commanding. 
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[IncloBuro  1  to  Appendix  No.  8.] 
Offloers  instructed  during  the  year  ending  June  30, 1882. 


Name. 

• 

Rank  and  corps. 

Reported  for 
instruction. 

Relieved  ftom 
instruction. 

Remarks. 

Morrison,  T.W.  . 

First  lieatenant,  Sixteenth 
Infantry. 

May  20,1881 

Mar. 

9,1882 

Relieved  before  complet* 
ing  course. 

Cotton,  G.P 

First  lientenant,  First  Ar- 
tillery. 
First  lieutenant.  First  Cav- 

May 20. 1881 

Feb. 

2,1882 

Do. 

Hein,O.L 

May  20, 1881 

Feb. 

2,1882 

Do. 

alry. 

1 

Myer,  A.L 

First   lientenant,  Elerenth 
Infantry. 

May  20, 1881 

May 

9,1882 

Completed  f^II    coarse, 
except  field  signaling 
over  long  ranges. 

Maiia,M.P 

First  lientenuit.  First  In- 
fantry. 

May  20, 1861 

May 

9,1882 

Do. 

Walker,  G.B 

First  lieutenant,  Sixth  In- 
fantry. 

May  20, 1881 

May 

9,1882 

Do. 

Baird,  W 

First  lientenant.  Sixth  Cav- 
alry. 

May  20, 1881 

May 

9,1882 

Do. 

Bailey,  H.L 

Second  lieutenant,  Twenty- 
first  Infantry. 

May  20, 1881 

May 

9,1882 

Do. 

Wright,  W.D.... 

Second    lieutenant.  Signal 
Corps. 

June  19. 1882 

Still  under  instruction. 

Amount  of  field  practice  had  by  each  officer  during  the  year  ending  June  30,  1882. 


Name. 

Rank  and  corps. 
/ 

Number  days  flag  prac- 
tice. 

Number  nights  torch 
practice. 

Number  days  helio- 
graph practice. 

bfcc 

1 

Morrison,  T.  W 

First  lient^UAnt-,  Slxt«'»Titb  TnfiMitrv . , . . . 

34 
86 
82 
85 
18 
83 
81 
88 

16 
14 
11 
11 
5 
14 
10 
16 

11 

IK. 

Cotton,  J.  P 

First  lieutenant.  First  Artillerv 

11  1            \> 

Hein,0.  L 

First  lieutenant'.  First  Cavalry* 

9              1ft. 

Myer,  A.L 

First  lieutenant.  Eleventh  Iniantrv 

9 
12 
13 
14 
10 

18 

Maus,M.P 

First  lieutenant.  First  Infantrv 

18 

Walker,  G.B 

First  lieutenant.  Sixth  Infantrv 

18 

Baird.  W 

First  lieutenant.  Sixth  Cavalry 

17 

Bailey.H.L 

Second  lientenant.  Twenty -first  Infantry 
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flBolMara  3  to  Appendix  So.  B,] 
m  {MtTMbd  fir  OejKwiHoii  </  ouitlont  on  itatbM  from  Aly  1, 1881,  to  Am 


I  Jul;  S,ll«l 
I  JnlyMlSSl 
I    Jul;    a^lSSl 


-   'DiaahttgtiJvajtl.UU, 


Aug.  H881 


B«pt.  IT,  1S81 
Ads:  la,  IgSl 
July  2P  •"" 


1  Jkl  14,1883 

L  Jul   t4,ieB2 

1  Not.  1%  1881 

I  Not.  is,  1831 

I  Feb.  2t,U83 


r.  30,1881 
.    -;-r.  12,1881 

'.  Deo.' M 1881 

I  Deo,  ti,1881 

i  Hot.  2T,  1881 

I  Deo.  22. 1881 

I  Feb.    9,1883 

["'Dea'sLieaV 
i  Deo,  28, 1881 
I    Jan.  iS. 

a^isai 

yeb.  14,  isea 

Feb,    V,:°~ 
Apr.    B. 
Not.  I8,L___ 
Not.  80.1881 


DUokuged  SeptmbK  ^  U 
BlMhacged  Anfiut  IT,  Un 


Apr.  1 


Langborae,  J.U  ... 

UcAiSU.  A... '.'.'.'.'.'.'. 

Hamii,O.A 

DebDO,  V.8 

IMUey.C.B 

Cnwibid.J' 

SU*,F.W' 

FickBl*,F.W 

ntmHoiia.  P.  H 

Tnnkmifield,  H.  C... 

Lettoetl,  9.  U 

UbiS^J.B 

Umim^ 

»cI!ae.A.L 

Hi[ch>ll.A.J 

P.-iroe,B.3 

PuUiaa>.R.H 

Simp«)n,E.E 

WorrlU,W 

jDhnann.  F.  L 

Spedden.  W.B 

Hilton,  B.H .. 

^iwwff^T^  RB. 

To«n»Bn^T.B 

OUm^^I  ".'.'.'.'."•'. 

MoCoT,  J 

Walker.  Rt 

SaMl;,l3 

12  Encr 


.  t.iata  1 

.    9^1882   J 
.    8,1883  J 

•,188a  ' 

0,1882 

.     0.1882 

0,1883 


JaDsl8,ia 


Jan.     0,1882 


Jan.    >,18<fi 


Jan.     0, 1882 


itel<.18 

i»1a,lS82  .. 

__iel8,1882  -. 

J<mel6|18ffil  .. 

June  IS,  1883  .. 

18,1883  .. 

18,1882  . 


J<uielfl,18ll2  .. 

Jiioeia,1882  .. 

.   Jlliu)1«,1883  .. 

i    Mar    S,  1882  1 

'   Jnne  10,1883  .. 

June  IS,  1882  .. 

Hay    9,1882  1 

June  IB,  1883  .. 

'— i&i8sa  .. 

18,1882  .. 


.  DlwIUTgedlfarohliU 


APPENDIX  9. 


ExhUfitlmg  the  eommMniMHons  aenifram  and  received  at  the  office  of  the  Chirf  Signal  Officer 
(exolueive  of  tOegrame),  from  July  1,  1881,  to  Jvme  30, 1882. 

SENT. 

DivieioH  of  telegrame  and  reporiefor  the  hene/U  of  oommeroe  and  agriculture. 

To  heads  of  departments  and  boreaus 1,343 

To  non-commissioned  officers  in  charge  of  stations  in  reference  to  their  duties  9, 070 

In  reply  to  applications  for  stations  and  others  similar 214 

To  telegraph  companies  in  reference  to  transmission  of  weather  reports  and 

the  erection  of  telegraph  lines,  &c 289 

To  boards  of  trade,  chambers  of  commerce,  &c 713 

To  foreign  correspondents  relating  to  simnltaneoas  reports 891 

To  foreign  correspondents  relating  to  this  division  in  general 622 

To  manufacturers  and  others  in  reference  to  instruments,  equipments,  ^bc 367 

To  steamship  companies,  &o 275 

To  Yoluntary  observers  throuehont  the  United  States 899 

General  and  special  orders  and  circulars  with  reference  to  this  division 37, 831 

Miscellaneous 8,942 

Total 61,456 

Signal  DivieUm. 

To  heads  of  departments  and  bureaus 48 

Relating  to  duties  and  discipline  at  Signal  Service  school  of  instruction  and 

post  of  Fort  Myer,  Va - 25 

Relating  to  recruiting  and  enlistment • 1,040 

General  and  special  orders  and  circulars  with  reference  to  this  division 17,614 

Miscellaneous • 614 

Total 19,341 

Property  DUMan, 

• 

To  heads  of  departments  and  bureaus 2,518 

To  manufacturers  and  others  in  reference  to  instruments,  equipments,  &o. . .  4, 080 
To  non-commissioned  officers  in  charge  of  stations  and  other  enlisted  men  in 

reference  to  property  and  money  accounts • 10,278 

In  reference  to  quarterly  returns  of  officers 1,512 

Regarding  property  tralnsferred  to  stations -. 3,488 

Miscellaneous 3,461 

Total 25,337 

Aggregate 106,134 

RECEIYED. 

Divieion  of  telegrame  and  reports  for  the  benefit  of  cowkmeree  and  agriculture. 

From  heads  of  departments  and  bureaus 551 

Applications  for  the  establishment  of  new  stations 115 

From  telegraph  companies  in  reference  to  the  transmission  of  weather  re- 
ports and  tne  construction  of  telegraph  lines,  &c 203 

From  non-commissioned  officers  in  charge  of  stations  in  reference  to  their 

duties 20,797 
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From  boards  of  trade,  chambers  of  commerce,  &<i 239 

From  foreign  correspondents,  relating  to  simultaneous  weather  reports 6, 507 

From  voluntary  observers  throughout  the  United  States  relating  to  observa- 

tiohsand  reports 3,902 

From  foreign  corresponden  ts  relating  to  this  division  in  general 329 

Reports  relative  to  instruction  of  non-commissioned  officers  and  assistants..  1,286 

Mailed  reports  from  non-commissioned  officers  in  charge  of  stations 254, 425 

From  United  States  naval  vessels  and  stations  (received  through  the  Kavy 

Department)  2,081 

Reports  from  railroad  stations  throughout  the  United  States  in  reference  to 

weather  reports  received  and  post^  by  them 39,792 

Meteorological  forms,  Stc,  received  from  non-commissioned  officers  in  charge 

of  stations 211,742 

From  commercial  steamship  companies 559 

Reports  from  postmasters  throughout  the  United  States  in  reference  to 

weather  bulletins  received  and  posted  by  them 95,448 

Miscellaneous 6,7G2 

Total 643,738 

Signal  Division. 

From  heads  of  departments  and  bureaus • 667 

Relating  to  duties  and  discipline  at  Signal  Service  school  of  instruction  and 

postof  Fort  Myer,  Va 73 

Relating  to  instruction  in  signaling  at  Fort  Myer,  Va.,  and  in  different  mili- 
tary departments 221 

Relaling  to  recruiting  and  enlistment 126 

Applications  for  enlistment  in  the  Signal  Corps,  United  States  Army 607 

Miscellaneous 2,502 

Total 4.196 

Property  Division, 

From  heads  of  departments  and  bureaus 1,280 

From  manufacturers  and  others  relating  to  instruments,  equipments,  ^bo  ....  1, 441 

From  officers  concerning  property,  quarterly  returns,  &o 3, 204 

From  non-commissioned  officers  in  charge  of  stations  and  other  enlisted  men 

relating  to  property  and  money  accounts 44,331 

Regarding  property  transferred  to  stations 6,489 

Miscellaneous ..1 4,337 

Total 61,082 

Aggregate 709,016 

Aggregate  sent 106,134 

Aggregate  received 709,016 

Aggregate  sent  and  received i 815,150 

Table  showing  the  number  of  cipher  words  and  messages  sent  and  received  by  tele- 
graph at  the  central  office,  Wasnington,  D.  C,  firom  July  1, 1881,  to  June  30, 1882. 

Cipher-words  of  weather  reports  sent 31,300 

Telegraphic  messages,  other  than  weather  reports,  sent 8, 610 

Cipher- words  of  weather  reports  received 652,952 

Cipher-words  of  special  river  reports  received .,. 2, 190 

Telegraphic  messages,  other  than  weather  reports,  leoeived 15, 980 


APPENDIX    xo. 


Table  ikowing  meteorologioal  data  furnished  from  the  rtOordM  of  ihe  Offi/oeof  ike  Ckirf  Signal 
Offioer  of  the  Army^  upon  request  of  theapplioants  named,  during  theflseal  year  ending  JtMi# 
30,188S2. 

Mr.  Otto  Laohenmeyer,  Bhippine  and  oommissionmeroliant,  129  Walnut  street,  Phil- 
adelphia. Pa.,  famished  Jaly  9,  iSdl,  with  an  extract  from  the  daily  Journal  of  sta- 
tion at  Portland,  Me.,  for  month  of  Mav,  1881,  May  4  to  14,  1881,  inclusive.  Profes- 
sor Albert  R.  Leeds,  Institute  of  Technology,  Hoboken,  K.  J.,  fdniished,  July  9,  wit^ 
a  statement  showing  the  daily  precipitation  in  inches  and  hundredths,  for  the  six 
weeks  preoediuK  June  28, 1881,  at  Albany,  N.  Y.,  Boston,  Mass.,  Baltimore,  Md.,  Cin- 
oinnaU,  O.,  Philadelphia,  Pa.,  New  York  City,  N.  Y.,  Rochester,  N.Y.,  Washington, 
D.  C,  Wilmington,  N.  C. 

General  Woodhull,  2033  G  street  n.  w..  Washington,  D.  C,  furnished  July  11, 1881, 
with  a  a1»tement  showing  the  amount  of  precipi&tion  at  Bismarck  and  Fort  A.  Lin- 
coln, Dak.,  from  June,  lw)0,  to  June,  1881. 

Mr.  Joseph  B.  Updegraff,  Practical  School,  Hagerstown,  Md.,  furnished  July  15. 
1881,  with  a  statement  showing  the  maximum  temperature  on  the  warmest  days  ana 
the  mean  temperature  of  the  warmest  mouths  of  1878,  1879,  and  1880,  at  Washing- 
ton, D.  C. 

Mr.  J.  H.  Gill,  assistant  engineer,  United  States  Engineer  Office,  No.  1907  Pennsyl- 
vania avenoe,  Washington,  D.  C,  furnished  July  27,  It^l,  with  a  statement  showing 
the  amount  of  snow-fall  at  Washington,  D.  C,  from  November  13,  1880,  to  March  31. 
1881. 

Mr.  D  wight  Porter,  special  agent  Census  Office,  Interior  Department,  No.  773  Fourth 
avenue.  New  York  City,  furnished  July  29,1881,  with  a  statement  showing  amount  of 
precipitation  and  maximum,  minimum,  and  mean  temperature  for  each  month,  and 
prevailing  direction  of  wind  for  each  season  at  Dodge  City,  Kans.,  from  1875  to  1880, 
inclusive. 

Mr.  R.  A.  Laughridge,  special  agent  Tenth  Census,  Berkley,  Cal.,  fhrnished  July 
30, 1881,  with  a  ^tement  showing  the  mean,  maximum,  and  minimum  temperature, 
and  the  amount  of  precipitation  for  each  month  of  1880,  at  Brackettville,  Browns- 
ville, Castroville,  Fort  Concho,  Fort  Davis,  Denison,  Eagle  Pass,  Fort  Elliott,  Fred- 
ericksburg, Galveston,  Tex.,  Fort  Gibson,  Ind.  T.,  Liuredo,  Mason,  Fort  McKavett,  Pilot 
Point.  Rio  Grande  City,  San  Antonio,  Tex.,  Fort  Sill,  Ind.  T.,  Fort  Stockton,  and 
Corsicana,  Tex. 

Mr.  G.  W.  Adair,  Georgia  land  agency.  No.  6  Wall  street,  Atlanta,  Ga.,  famished 
July  30,  1881,  with  a  statement  showing  the  maximum  temperature  for  each  day 
from  June  1,  to  July  28,  1881,  inclasive,  at  Savannah,  Augusta,  and  Atlanta,  Ga., 
and  Cincinnati,  Columbus,  and  Cleveland,  Ohio. 

Mr.  Edwin  Taylor,  Arxnstrong,  Kans.,  furnished  July  30,  1881,  with  a  statement 
showing  the  amount  of  precipitation  for  each  month  frt>m  January  1, 1875,  to  July  11, 
1881,  at  Dodge  City,  Kans. 

Mr.  Dwiffht  Porter,  special  agent  Census  Office,  773  Fourth  avenue,  New  York 
City,  fruuisned  August  1, 1S81.  with  a  statement  showing  mean,  maximum,  and  mini- 
mum temperature,  amount  oi  rainfall  and  prevailing  winds  for  each  month  from 
January,  1872,  to  June,  1881,  inclusive,  at  Keoknk,  Iowa. 

Mr.  Dwight  Porter,  773  Fourth  avenue.  New  York  City,  fnmished  Augost  11, 1881, 
with  a  statement  showing  the  maximum,  minimum,  and  mean  temperature  for  each 
month :  prevailing  winds  for  each  season,  total  monthly  rainfall  and  greatest  daily 
rainfall  at  Daveuport,  Iowa,  frofai  May  24, 1871  (date  of  opening  station),  to  July  31, 
1881,  inclusive. 

Mr.  Thomas  R.  Tannatt,  general  agent  Oregon  Improvement  Company,  Walla 
Walla,  Wash.,  furnished  August  11, 1861,  with  a  statement  showing  the  maximum 
and  minimum  temperature  ^  the  mean  temperature  and  precipitation,  annual  mean 
temperature  and  total  precipitation  for  1879, 1880.  and  1881,  to  date,  at  Portland  and 
Roseburg,  Oreg. ;  Olympia,  Dayton,  Spokane  Falls,  Almota,  and  Colfax,  Wash.,  and 
Lewiston,  Idaho. 

Mr.  Dwight  Porter,  773  Fourth  avenue,  New  York  City,  frimished  August  11, 1881, 
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with  a  statement  ehowins  the  mean,  maximum,  and  minimum  temperature,  preyail- 
ing  direction  of  wind,  and  total  monthly  rainfall  at  Dee  Moines,  Iowa,  from  August 
1, 1878,  to  July  31,  1881,  inclusiye. 

Mr.  James  Lohb,  56  Front  street,  Toronto,  Ontario,  furnished  August  17, 1881,  with 
a  statement  showing  the  mean  temperature  and  humidity  for  each  month  of  the  years 
187rt,  1879,  and  1880  at  San  Diego,  Gal.,  Denver,  Colo.,  Dodge  City,  Kans.,  Piocho, 
Nev.,  JaoKsonyille,  Fla. 

Mr.  Dwight  Porter,  773  Fourth  Ayenue,  Kew  York  City,  furnished  August  17, 1881, 
with  a  statement  showing  mean,  maximum,  and  minimum  temperature,  prevailing 
direction  of  wind,  and  tow  rainfall  for  each  month  from  September  1,  1874,  to  July 
30,  1H81 ;  also,  total  annual  rainfall  and  mean  annual  temperature  for  the  years  above 
meutioned  at  J^orth  Platte,  Nebr. 

Mr.  W.  N.  Burton,  Grand  Haven,  Mich.,  famished  August  17, 1881,  with  a  state- 
ment showing  the  direction  and  velocity  of  wind,  state  of  weather,  rainfall  at  6.23,  7, 
10.23  a.  m.,  and  2,  2.23,  9,  and  10.23  p.  m.,  on  October  11  and  12, 1880,  at  Grand  Haven, 
Mich.,  duly  authenticated  under  seal  of  the  War  Department. 

Mr.  G.  W.  Adair,  Ko.  6  Wall  street,  Atlanta,  Ga.,  mmished  August  23, 1881,  with  a 
statement  showing  the  maximum  temperature  for  each  day  from  July  24-31,  1881, 
inclusive,  and  the  maximum  temperature  for  each  day  of  January  and  February,  1881, 
at  Savannah,  Augusta,  and  Atlanta,  Ga.,  Cincinnati,  Columbus,  and  Cleveland,  Ohio. 

Mr.  Dwight  Porter,  special  agent  Tenth  Census,  773  Fourth  avenue.  New  York  City, 
famished  August  23,  ItJSl,  with  a  statement  showing  the  maximum,  minimum,  and 
mean  monthly  temperature,  monthly  and  annual  rainfall,  and  prevailing  direction 
of  wind  for  each  season  and  for  each  year  at  Saint  Louis,  Mo.,  from  January  1,  1871, 
to  Augnst  1,  1881. 

Mr.  G.  K.  Gilbert,  United  States  geologist.  United  States  G^logical  Survey,  Depart- 
ment of  the  Interior,  Washington,  1).  C,  furnished  August  24,  1^1,  with  a  statement 
showing  the  barometer  (corrected  for  temperature  and  instrumental  error  only),  ex- 
loosed  thermometer,  relative  humidity,  direction  and  velocity  of  the  wind  at  each 
observation  during  the  month  of  July,  1881,  at  Salt  Lake  City,  Utah. 

Mr.  Dwight  Porter,  special  agent  Tenth  Census,  773  Fourth  avenue.  New  York  City, 
famished  August  25,  lb81,  with  a  statement  showing  the  mean  maximum  and  mini- 
mam  temperature,  and  total  rainfall  for  each  month,  and  the  prevailinir  direction  of 
livind  for  each  season  at  Fort  Gibson,  Indian  Territory,  from  April  1, 1873,  to  August 
1, 1881. 

Mr.  A  B.  Johnston,  chief  clerk  Light-House  Board,  Treasury  Department,  Wash- 
ington, D.  C,  furnished  August  26, 1881,  with  a  statement  showing  the  barometer  and 
thermometer  readings  at  each  observations  taken  on  August  9  and  10,  1881,  and  the 
mean,  maximum,  and  minimum  for  each  day  at  New  London,  Conn. 

Mr.  S.  T.  Abort,  United  States  civil  engineer,  1907  Pennsylvania  avenue,  Washington, 
D.  C,  furnished  Augast  30, 1881,  with  a  statement  showing  the  direction  and  velocity 
of  the  wind  at  Washington,  D.  C.«  for  each  observation  taken  fh>m  7  a.  m.  to  7  p.  m. 
for  the  week  ending  Friday,  August  26, 1881. 

Mr.  G.  W.  Adair,  No.  6  Wall  street,  Atlanta,  Ga.,  furnished  September  2, 1881,  with  a 
Btatement  showing  the  minimum  temperature  for  each  day  during  January  and  Feb- 
ruary, 1881,  at  Savannah,  Augusta,  and  Atlanta,  Ga.,  and  Cincinaati,  Columbus,  and 
Cleveland,  Ohio. 

Mr.  G.  K.  Gilbert',  United  States  Geological  Survey,  Washington,  D.  C,  fumisned  Sep- 
tember 2,  1881,  with  a  statement  showing  the  observed  readings  of  the  barometer  and 
attached  thermometer  at  Burlington,  vt., at 7  a.  m.,2  and  9  p.m. (local  time),  June 
21-30, 1873,  inclusive. 

Messrs.  Strauss  &  Co.,  Savannah,  Ga.,  furnished  September  3, 1881,  with  a  statement 
showing  the  maximum  and  minimum  temperature,  state  of  weather,  and  amount  of 
rainfall  in  inches  and  hundredths  at  New  York  City,  at  each  observation  from  August 
4-11, 1881,  inclusive. 

Mr.  8.  T.  Abert,  United  States  civil  engineer,  1907 Pennsylvania  avenue,  Wasbington, 
D.  C,  furnished  September  3, 1881»  with  a  statement  showing  the  direction  and  veloc- 
ity of  the  wind  at  Washington,  D.  C,  at  observations  taken  between  7  a.  m.  and  7  p.  m. 
o^  Friday,  September  2, 1881. 

Messrs.  F.  B.  Squire  St  Co.,  159  Front  street.  New  York  City,  famished  September 
8,  1881,  with  a  statement  showing  the  direction  of  wind  at  New  York  City  at  7.12  and 
11.12  a.  m.,  and  3.12, 9.00,  and  11.12  p.  m.,  each  day  fh)m  January  1  to  August  20, 1881, 
inclusive.  • 

Quartermaster-General  United  States  Army,  furnished  September  10,  1881,  with  a 
statement  showing  the  maximnm  temperatures  during  the  months  of  June,  July,  An- 
gnst,  and  September,  1679, 1880,  and  1881,  at  Florence,  Fort  Apache,  Fort  Grant,  Fort 
Verde,  Fort  Mojave,  Fort  McDowell,  Fort  Prescott,  Camp  Thomas,  Phosnix,  Tucson, 
Wickonbnrg,  and  Yuma,  Ariz. 

Mr.  S.  T.  Abert,  United  States  civil  engineer,  1907  Pennsylvania  avenue,  Washing- 
ton, D.  C.f  furnished  September  12,  1881,  with  a  statement  showing  the  direction  and 
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Telocity  of  wind  at  Washington,  D.  C,  at  7  and  11  a.  m.  and  3  and  7  p.  m.  on  Septem- 
ber 3-9,  1881,  inolnslTe. 

Mr.  Georse  W.  Carhart,  foreign  freight  agent  New  York,  Lake  Erie,  and  Western 
Railroad  Company,  No.  3  Bowung  Green,  New  York  City,  fnmished  September  16, 
1881,  with  a  statement  showing  the  minimnm  temperature  at  New  York  City  during 
the  months  of  November  and  December,  1880,  and  January,  1881,  duly  authenticated 
under  the  seal  of  the  War  Department,  for  use  as  evidence  in  court. 

Mr.  S.  T.  Abort,  United  States  civil  engineer,  1907  Pennsylvania  avenue,  Washing- 
ton, D.  C,  furnished  September  17, 1881,  with  a  statement  showing  the  direction  and 
Telocity  of  the  wind  at  Washington,  D.  C,  at  each  observation  taken  from  7  a.  m  to 
7  p.  m.  for  the  week  ending  at  7  p.  m.  of  Friday,  September  16, 1881. 

Messrs.  McAfee  Bros.,  real-estate  brokers,  ^^0^  Sansome  street,  San  Francisco,  Cal., 
furnished  September  17, 1881,  with  a  statement  showing  the  mean  temperature  for 
January  and  July ;  the  minimum  for  January,  i^ril,  and  May :  the  maximum  for 
July ;  mean  annual  precipitation  of  1877, 1878, 1879,  1880,  and  1881 ;  also  the  mean 
for  the  number  of  ^ears,  latitude  of  station,  elevation  of  cistern  of  barometer  above 
mean  sea-level  dunng  period  from  July,  1877,  to  date,  at  Red  Bluff,  Cal. 

Messrs.  McAfee  Bros.,  real-estate  brokers,  202  Sansome  street,  San  Francisco,  Cal., 
fnmished  September  17,  1881,  with  a  statement  showing  the  mean  temperature  for 
January  and  July,  the  minimum  for  January t  April,  and  May,  and  the  maximum 
for  July;  the  mean  annual  amount  of  precipitation,  in  inches  and  hundredths,  lati- 
tude of  station,  elevation  of  cistern  of  barometer  above  mean  sea-level  during  the 
period  from  July  1, 1877,  to  September  1,  1881,  at  Sacramento,  Cal. 

Messrs.  McAfee  Bros,  real-estate  brokers,  202  Sansome  street,  San  Francisco,  Cal., 
furnished  September  17,  1881,  with  a  statement  showing  the  mean  temperatures  for 
January  and  July ;  minimum  for  January,  April,  and  May ;  maximum  for  July ;  mean 
annual  preci[)itation,  latitude  of  station,  elevation  of  cistern  of  barometer  above  mean 
sea-level  during  period  from  November  1,  1870,  to  September  1, 1881,  at  New  York 
City,  N.  Y. 

Mr.  Albert  G.  Heminway  11  Wall  street.  New  York  City,  furnished  September  29, 
1881,  with  a  statement  showing  the  precipitation  in  inches  and  hundredths  which  fell 
at  New  York  City,  on  July  30,  1881. 

Messrs.  W.  B.  Dana  &,  Co.,  New  York  City,  furnished  September  29,  1881,  with  a 
statement  showing  the  amount  of  rainfall,  number  of  days  on  which  rain  fell,  maxi- 
mum, minimum,  and  mean  temperature  during  July,  1881,  at  Jacksonville,  Fla. 

Messrs.  McAfee  Bros.,  real-estate  brokers,  202  Sansome  street,  San  Francisco,  Cal., 
furnished  September  29,  1881,  with  a  statement  showing  the  mean  temperature  of 
January  and  July ;  the  lowest  recorded  temperature  of  January,  A^ril,  May,  and  July, 
and  the  mean  annual  rainfall  at  Jacksonville,  Fla. 

Mr.  Frank  Loomis,  attorney  New  York  Central  and  Hudson  River  Railroad,  Al- 
bany, N.  Y.,  furnished  October  3,  1881,  with  a  statement  showing  the  maximum  and 
minimum  temperature  at  Albany,  N.  Y.,  for  each  day  during  November,  1880,  duly 
authenticat'Cd  under  the  seal  of  tue  War  Department,  to  be  used  as  evidence  in  court. 

Mr.  D.  C.  Robinson,  Lake  street,  comer  Market,  Elmira,  N.  Y.,  furnished  Octo- 
ber 4,  1881,  with  a  statement  showing  the  amount  of  precipitation  at  Litchfield  and 
Wellsborough,  Pa.,  and  Ithaca  and  Starkey,  N.  Y.,  from  the  commencement  of  obser- 
Tation  to  date. 

Mr.  J.  B.  Updegraff,  lia^erstown,  Md.,  furnished  October  4,  1881,  with  a  statement 
showing  the  amount  of  rainfall,  in  inches  and  hundredths,  at  Washington,  D.  C,  dur- 
ing August  of  1875,  '76,  '77,  '78,  '79,  '80,  and  '81. 

Mr.  Henry  Major,  81  Cedar  street,  New  York  City,  furnished  October  .5,  1881,  with 
a  statement  showing  the  local  time  of  commencement  and  ending,  and  amount  of  pre- 
cipitation in  inches  and  hundredths,  and  the  state  of  the  weather  at  New  York  City, 
at  each  obserration,  from  September  27, 1880,  to  December  28,  1880,  both  inclusive, 
duly  authenticated  under  the  seal  of  the  War  Department. 

Mr.  Henry  Davies,  No.  84  Taylor  street,  Newport,  Ky.,  furnished  October  10,  1881, 
with  a  statement  showing  the  mean  monthly  and  annual  mean  temperature  and  rela- 
tive humidity  at  Cincinnati,  Ohio,  and  Galveston,  Tex.,  for  each  month  and  year  since 
the  commencement  of  observations  by  the  Signal  Service,  U.  S.  Army,  at  these  places. 

Messrs.  Strauss  &,  Co.,  Savannah,  Ga.,  furnished  October  17, 1881,  with  a  statement 
showing  the  state  of  the  weather  and  amount  of  rainfall  at  each  observation  at  New 
York  City  from  June  4  to  11,  1881,  inclusive. 

Mr.  J.  Jackson,  superintendent  United  States  tea  farm,  Summerville,  S.  C,  furnished 
October  17,  1881,  with  a  statement  showing  the  mean  temperatures  and  total  rainfall 
at  Punta  Rassa,  Fla.,  from  Januar^^,  1871,  to  August,  1881,  inclusive. 

Mr.  R.  S.  Tracey,  box  21,  Washington,  D.  C,  furnished  October  19,  1881,  with  a 
statement  showing  the  dates  during  the  month  of  October  upon  which  the  first  frosts 
occurred  at  Washington,  D.  C,  1872,  to  1881,  inclusive. 

Mr.  A.  Broaddus,  acting  general  freight  agent,  Louisville  and  Nashville  Railroad. 
Louisville,  Ky.,  furnished  October  20,  1881,  with  a  statement  showing  the  observed 
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temperatnres  at  Buffalo,  N.  Y.,  Cleyeland,  Ohio,  IndianapoIiSi  Ind.,  at  each  obserra- 
tion  from  November  15  to  28,  18B0,  inclosive. 

Prof.  8.  P.  LaBgley,  director  Alk'gheDy  Observatory,  AUeebeny.  Pa.,  fhrniBlied  Octo- 
ber 22  with  a  statemeot  showing  the  barometer  and  attached  thermometer  readings 
at  San  Francisco  and  San  Diego,  Cal.,from  July  24  to  September  16,  1881. 

Mr.  Harry  Hammond,  special  agent  Tenth  Census,  Beach  Island,  S.  C,  famished 
October  25, 1881,  with  a  statement  showing  the  mean  highest  and  lowest  and  absolute 
ranse  of  temperatme,  the  prevailing  wind,  total  precipitation  in  inches  and  hun- 
dredths, and  nutiiber  of  rainy  days,  at  Augusta,  Ga.,for  each  month  from  January, 
1874,  to  December,  1880,  inclusive. 

Mr.  John  Adanui,  general  superintendent  Fitchbiirg  Railroad,  Boston,  Mass.,  fur- 
nished October  27, 1881,  with  a  copy  of  the  daily  journals  of  Springfield  and  Boston, 
Mass.,  of  February  28  and  March  1, 2,  and  3, 1881. 

Mr.  Dwi^ht  Porter,  special  agent  Tenth  Census,  New  York  Cit^r,  furnished  October 
27, 1881,  with  a  statement  showing  the  mean  maximum  and  minimum  temperatures, 
amount  of  precipitation  in  inches  and  hundredths,  and  the  prevailing  winds  at  Yank- 
ton, Dak.,  ror  each  month  and  year  from  the  commencement  of  obsorvatiocs  by  the 
Signal  Service,  U.  S.  Army,  to  September  30, 1881. 

Editor  American  Architect  and  Building  News,Boston,  Mass.,  furnished  October  31, 
1881,  with  a  memorandum  by  Professor  Abbe  on  **The  Destructive  Forces  attending 
Tornadoes." 

(For  above  memorandum  see  page  —  this  report.) 

Mr.  J.  H.  Turner,  editor  Western  Farmers' Almanac,  Louisville,  Ky.,  furnished  Novem- 
ber 3, 1881,  with  a  statement  showing  the  daUy  mean  barometer,  daily  mean,  maximum, 
and  minimum  temperature,  prevailing  direction  of  wind,  and  character  of  day  for 
each  day  of  September,  1881.  at  New  Orleans,  La. 

Mr.  A.  H.  Boies,  Federalsburg,  Md.,  furnished  November  4, 1881,  with  a  statement  of 
rain  and  wind  data  for  November  and  monthly  barometric  means  for  Baltimore,  Md. 

Messrs.  Martin  &  Lackland,  attorneys  at  law,  203  Pine  street,  Saint  Louis,  Mo., 
furnidhed  November  14, 1881,  with  a  true  copy  of  the  anemometer  record-sheet  at  Saint 
Louis,  Mo.,  from  12  m,  October  16, 1880,  duly  authenticat>ed  under  the  seal  of  the  War  De- 
partment. 

Prof.  S.  F.  Baird,  Secretary  Smithsonian  Institution,  Washington,  D.  C,  furnished 
November  18,  1881,  with  copies  of  journal  at  Leavenworth,  Kans.,  from  October  1  to 
5,  1871,  from  November  15  to  25,  1871,  and  from  November  15  to  18,  1872. 

Mr.  James  A.  Davis,  Manaynnk,  Philadelphia  County,  Pennsylvania,  furnished 
November  18, 1881,  with  a  statement  showing  the  maximum,  minimum,  and  mean 
temperatures  at  Philadelphia,  Pa.,  of  each  day  from  October  11,  1880,  to  April  18, 
1881,  inclusive,  duly  authenticated  under  the  seal  of  the  War  Department. 

Mr.  J.  Norman  Lockyer,  editor  "Nature,"  Bedford  street,  Strand,  London,  England, 
furnished  November  28, 1881,  with  extracts  relating  to  electrical  phenomena,  taken 
from  Pike's  Peak  Monthly  Abstract  Journals,  from  November  23,  1873,  to  August  21, 
1881,  inclusive. 

Mr.  N.  M.  Edwards,  Appleton,  Wis.,  furnished,  November  29^  1881,  with  a  state- 
ment showing  the  precipitation  at  Madison,  La  Crosse,  and 'Milwaukee,  Wis.,  and 
Saint  Paul,  liunn.,  for  each  month  from  the  commencement  of  observations  to  Octo- 
ber, 1881. 

Mr.  F.  C.  Cantine,  P.  O.  box  2939,  New  York  City,  ftimished  December  2, 1881,  with 
a  statement  showing  mean,  maximum,  and  minimum  temperatures  for  each  montn  from 
the  commencement  of  observations  to  October  31,  1881,  at  Portland,  Roseburg,  and 
Umatilla^  Oreg.,  Olympia,  Dayton,  and  Spokane  Falls,  Wash. 

Mr.  Dwight  Porter,  agent  Tenth  Census,  773  Fourth  avenue,  New  York  City, 
furnished  Deoember  5,  1881,  with  a  statement  showing  the  precipitation  for  each 
month  of  1879  and  1880,  at  Omaha,  Nebr.,  Saint  Louis,  Mo.,  Fort  Benton,  Mont.,  He- 
lena, Mont.,  Denver,  Colo.,  Dodge  City,  Kans. 

Messrs.  Sharp  &  Hughes,  attorneys  at  law,  Norfolk,  Ta.,  furnished  December  7, 
1881,  with  a  copy  of  the  daily  bulletin  of  Synopses,  Indications,  and  Facts  for  Octo- 
ber 22,  23,  and  24, 1879,  duly  authenticated  under  the  seal  of  the  War  Department. 

The  editor  "  Connecticut  Almanac,"  New  Haven,  Conn.,  fbmished  December  8, 1881, 
with  a  statement  showing  the  mean  highest  and  lowest  barometer  and  temperature, 
mean  relative  humidity,  total  precipitation  in  inches  and  hundredths,  number  of  days 
on  which  rain  and  snow  fell,  prevailing  wind  with  highest  velocity  in  miles  per  hour, 
and  number  of  fair  and  cloudy  days,  at  New  Haven,  Conn.,  for  each  mouth  from  Janu- 
ary, 1873,  to  October.  1881. 

Mr.  James  W.  Philips,  No.  1205  Pennsylvania  avenue,  Wilmington,  Del.,  furnished 
December  12, 1881,  with  a  statement  showing  the  mean,  maximum,  and  minimum  tem- 
peratures, precipitation  in  inches  and  hundredths,  number  of  cloudy  days,  and  days 
on  which  rain  or  snow  feU,  at  Albany,  N.  Y.,  for  the  months  of  May,  June,  July,  August, 
and  September  of  the  years  1880  and  1881,  compiled  from  the  records  on  file  at  the 
office  of  observation  of  the  Signal  Service,  United  States  Army,  at  Albany,  N.  Y.,  and 
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verified  and  corrected  at  the  CMef  Signal  Office,  United  States  Army,  at  Washing- 
ton, D.  0. 

Dr.  H.  P.  Gatcbell,  jr.,  box  IdO,  Charlotte,  N.  C,  famished  December  14, 1881,  with  a 
st-atement  showiog  the  mean,  maximum,  and  minimum  barometer  reading,  mean,  mnx- 
imnm,  and  minimum  temperature^  mean  relative  humidity,  mean  of  the  dew-point, 
prevailing  wind,  maximum  velocity  of  the  wind,  number  of  clear,  fair,  fogffy,  and 
cloudy  days,  and  number  of  days  on  which  rain  or  snow  fell,  for  month  oi  Novem- 
ber, 1881,  at  Savannah,  6a.,  and  the  maximum  velocity  of  the  wind  at  Charlotte,  N. 
C.,  for  same  month. 

Messrs.  Shipman,  Barlow,  Larocque  &  Choate,  No.  35  William  street.  New  York  City, 
furnished  December  14, 1881,  with  a  copy  of  the  original  record  of  observations  taken 
at  New  York  City  at  7.12  and  11.12  p.  m.,  July  26, 1881,  and  at  9.12  a.  m.,  July  27, 1881, 
duly  authenticated  under  the  seal  of  the  War  Department. 

Dr.  H.  P.  Gatchell,  jr.,  Charlotte,  N.  C,  furnished  December  15, 1881,  with  a  statement 
showing  the  mean,  maximum,  and  minimum  l)arometer  and  temperature,  mean  rela- 
tive humidity  and  dew  point,  prevailing  direction  of  wind,  number  of  clear,  fair, 
and  cloudy  days,  and  days  on  which  rain  or  snow  fell,  for  November,  1881,  at  Atlanta 
and  Augusta,  Ga.,  Charlotte,  N.  C,  Charleston,  S.  C,  Cnicago,  UL,  Denver,  Colo.,  Jack- 
sonville and  Pensacola,  Fla.,  Knoxville, Tenn.,  New  York  City, N.  Y.,  and  Saint  Paul, 
Minn. 

Miss  Austine  Snead,  307  F  street,  northwest,  Washington,  D.  C,  famished  December 
17, 1881,  with  a  statement  showing  the  commencement  and  ending  of  snowstorms 
which  occurred  at  Washington,  D.  C,  during  the  winter  of  1880-'81,  with  the  amount 
of  melted  snow  In  inches  and  hundredths  registered  during  each. 

Messrs.  Ancbencloss  Bros.,  47  and  49  White  street,  New  York  City,  furnished  Decem- 
ber 20, 1881,  with  a  statement  showing  the  amount  of  rainfall,  maximum  and  mini- 
mum temperature,  and  state  of  weather  for  each  day  of  April,  May,  June,  July,  and 
August,  1881 ;  also  means  for  each  month  at  Jacksonville,  Funta  Bassa,  Key  West, 
Pensacola,  and  Cedar  Keys,  Fla.,  Augusta,  Savannah,  and  Atlanta,  Ga. 

Mr.  John  Moll,  care  of  Messrs.  Thomas  May  &  Co.,  P.  O.  box  2058,  Montreal,  Can- 
ada, furnished  December  20,  1881,  with  a  statement  showing  the  mean  precipitation 
in  inches  and  hundredths,  and  lowest  recorded  temperature,  during  the  years  1877  to 
1^81,  incluHive,  at  Boston,  Mass.,  Eastport  and  Portland,  Me.,  for  each  month  from 
November  to  March,  inclusive. 

Mr.  J.  W.  Coulston,  attorney  at  law,  221  South  Sixth  street.  Philadelphia,  Pa., 
furnished  December  21,  1881,  with  a  copy  of  the  original  record  of  observations  taken 
at  Atlantic  City  and  Bamegat,  N.  J.,  on  November  19  and  20, 1881. 

The  president  Northern  Pacific  Railroad  Company,  20  Nassau  street.  New  York  City, 
fiimished  December  22,  1881,  with  a  statement  showing  the  annual  average  precipi- 
tation in  inches  and  hundredths  at  Albany,  Alpena,  Baltimore,  Bismarck,  Bois^  City, 
Boston,  Breckinridge,  Cheyenne,  Chicago,  Cleveland,  Columbus,  Davenport,  Dead- 
wood,  Denver,  Des  Moines,  Detroit,  Dubuque,  Duluth,  Escanaba,  Fort  Benton,  Fort 
Buford,  Fort  Custer,  Fort  Keogh,  Fort  Shaw,  Fort  Bennett,  Fort  Stevenson,  Grand 
Haven,  Helena,  Keogh,  La  Crosse,  Madison,  Marquette,  Milwaukee,  North  Platte, 
Omaha,  Pembina,  Port  Huron,  Sacramento,  Salt  Lake  City.  San  Diego,  Sandusky, 
San  Francisco,  Toledo,  Visalia,  Winnemucca,  Yankton,  Philadelphia,  and  Lynchburg. 

Mr.  L.  S.  Dabney,  30  Court  street,  Boston,  Mass.,  furnished  December  22, 1881,  with 
a  copy  of  the  original  record  of  observations  taken  at  Wood's  HoU,  Mass.,  for  March 
23  and  24,  1881;  copy  of  the  abstract  of  journal  for  March  23  and  24,  1881,  and  copy 
of  the  anemometer  sheets  from  12  midnight  March  22  to  12  midnight  March  24,  1881, 
duly  authenticated  under  the  seal  of  the  War  Department. 

Mr.  John  C.  Smock,  box  282,  New  Brunswick,  N.  J.,  furnished  December  27,  1881, 
with  a  statement  showing  the  meteorological  record  at  Cape  May,  N.  J.,  during  the 
months  of  October  and  November,  1881,  computed  from  the  records  on  file  at  the 
office  of  observation  of  the  Signal  Service,  United  States  Army,  at  that  place,  and 
veritied  at  the  Office  of  the  Chief  Signal  Officer,  United  States  Army,  Washington,  D.  C. 

The  Commissioner  of  Agriculture,  Department  of  Agriculture,  Washiuf^on,  D.  C, 
furnished  December  27,  1881,  with  a  statement  showing  the  mean  temperature  and 
total  precipitation  recorded  at  the  station  of  observation  of  the  Signal  Service,  United 
States  Army,  at  Washington,  D.  C,  for  each  day  from  May  1  to  November  30,  1881. 

Messrs.  W.  B.  Dana&  Co.,  Commercial  and  Financial  Chronicle,  79  and  81  William 
street,  New  York  City,  furnished  December  29^  1881,  with  a  statement  showing  the 
amount  of  rainfall,  number  of  days  on  which  rain  fell,  maximum,  minimum,  and  mean 
temperature  for  each  month  from  January,  1880,  to  November,  1881,  inclusive,  at  Cas- 
tro ville,  Decatur,  Donison,  and  San  Antonio,  Tex.,  Charlotte,  Kittyhawk,  and  Ports- 
mouth, N.  C. 

Houston  and  Texas  Central  Railroad,  Galveston,  Tex.,  furnished  December  29, 1881, 
with  a  statement  showing  the  mean,  maximum,  and  minimum  temperatures  and  the 
precipitation  for  theyear  ending  December  30, 1880,  at  Galveston,  Corsicana,  Indianola, 
Ban  Antonio.  Brownsville,  Denison,  Fort  Griffiu,  and  Mason,  Tex. 
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Mr.  Thomas  D.  Hawley,  No.  68  First  street,  Detroit,  Mich.,  furnished  December  31, 
1881,  with  a  statement  showing  the  mean  temperature  and  total  precipitation  in  inches 
and  hundredths  for  each  of  the  spring  and  summer  months  of  1873  to  1880,  inclusive, 
at  Grand  Haven,  Detroit,  and  Port  Huron,  Mich.,  Cleveland,  Toledo,  and  Cincinnati, 
Ohio,  Pittsburg  an^  Erie,  Pa.,  Chicago,  lU.,  Indianapolis,  Ind.,  and  Milwaukee,  Wis. 

Dr.  Mary  Pratt,  No.  322  Hamilton  street,  Camden,  N.  J.,  furnished  December  31, 

1881,  with  a  statement  showing  the  amount  of  precipitation  in  inches  and  hundredths 
which  fell  ac  Atlantic  City,  N.  J.,  on  December  14  and  15, 1881. 

Col.  C-  £.  Bowman,  State  commissioner  of  aerionlture,  Frankfort,  Ky.,  furnished 
December  31, 1881,  with  a  table  showing  the  daily  mean  barometer ;  maximum,  mini- 
mum, and  daily  mean  temperature;  daily  mean  relative  humidity ;  prevailing  direc- 
tion of  wind ;  rainfall  or  melted  snow  (iu  inches),  and  the  character  of  the  day,  from 
November  1,  1880,  to  November  1,  1881,  at  Louisville,  Ky.,  compiled  from  the  records 
<f  the  Sicnal  Service,  United.  States  Anuy. 

Mr.. Edward  O.  Forney,  514  £  street  northwest,  Wae&lncton,  D.  C,  furnished  De- 
cember 31, 1881,  with  a  statement  showing  the  mean  monthly  temperature  at  Phila- 
delphia, Pa.,  for  each  month  of  1873, 1874,  1875,  1876,  1877,  1878,  1879,  and  1880.  and 
and  for  the  first  11  months  of  1881.  \ 

Mr.  E.  Hills,  treasurer,  The  Norwalk  Iron  Works  Company,  South  Norwalk.  Conn., 
furnished  January  4, 1882,  with  a  statement  showing  the  annuaJL  barometer  reduced  to 
eea-level  at  stations  of  the  Si^al  Service  United  States  Army,  at  Denver  and  Pike's 
Peak,  Colo.,  Santa  F^,  La  Mesilla,  and  Silver  City,  N.  Mex. 

Mr.  A.  L.  Reed,  511  Pennsylvania  avenue,  Washington,  D.  C,  furnished  January 
Bf  1882,  with  a  statement  showing  the  weather  at  Balnmore,  Md.,  July  26,  1881. 

Capt.  Thomas  Turtle,  United  States  Engineer  Office,  70  Saratoga  street,  Baltimore, 
Md.,  furnished  January  4,  1882,  with  a  statement  showing  the  amount  of  precipita- 
tion in  inches  and  hundredths,  for  the  years  ending  June  So,  1880,  and  June  30,  1881, 
at  Smithville,  Wilmington,  and  Charlotte,  N.  C. 

Mr.  Enoch  Totten,  counselor  at  law,  Washington,  D.  C,  furnished  January  7, 

1882,  with  the  dates,  commencement  and  ending  of  all  rain  and  snow  storms  which 
occurred  at  Washington,  D.  C,  from  November  1, 1880,  to  January  31, 1881,  with  the 
amount  of  precipitation  in  inches  and  hundredths  registered  during  each  day,  duly 
authenticated  under  the  seal  of  the  War  Department. 

Messrs.  Morse  &  Allen,  Boston,  Mass.,  furnished  January  7, 18H2,  with  a  copy  of  the 
original  record  of  observation  taken  at  Boston,  Mass.,  on  January  1-Febmary  3,  both 
dates  inclusive,  duly  authenticated  under  the  seal  of  the  War  Department. 

Messrs.  Moore,  Canfield  &,  Warner,  556  Moffat  Building,  Detroit,  Mich.,  fhmished 
January  7,  1882,  with  a  copy  of  the  original  record  of  observations  taken  at  Grand 
Haven,  Mich.,  on  October  21,  22,  23,  and  24,  1879;  daily  bulletin  of  synopses,  indica- 
tions, and  faotfl  for  same  dates,  duly  authenticated  under  the  seal  of  the  War  Depart- 
ment. 

Mr.  A.  G.  Riddle,  attorney  at  law,  Washin^on,  D.  C,  furnished  January  10,  1882, 
with  a  copy  of  the  original  record  of  observations  (excepting  the  barometer  readings) 
taken  at  Washington,  D.  C,  on  December  18-26,  inclusive,  duly  authenticated  under 
the  seal  of  the  War  Department. 

Messrs.  Maynard  &  Swan,  53  Seitz  Block,  Detroit,  Mich.,  furnished  January  10, 
1882,  with  a  statement  showing  the  velocity  of  the  wind  in  miles  per  hour  at  Erie,  Pa., 
at  each  hour  from  12  noon  of  November  20  to  6  p.  m.  of  November  21,  1880,  duly  au- 
thenticated under  the  seal  of  the  War  Department. 

Mr.  F.  S.  Carter,  Mount  Holly,  N.  J.,  furnished  January  11,  1882,  with  a  statement 
showing  the  direction  and  velocity  of  the  wind  at  7  and  11a.  m.  and  11  and  7  p.  m. 
(Washington  mean  time),  direction  of  wind  at  time  of  maximum  velocity,  and  maxi- 
mum velocity  in  past  eight  hours  on  September  26, 1881,  at  Philadelphia,  Pa.,  Atlantic 
City  and  Sandy  Hook,  N.  J. 

The  Chief  of  Engineers,  Washington,  D.  C,  furnished  January  11, 1882,  with  a  state- 
ment showing  the  amount  of  precipitation  in  inches  and  hundredths,  registered  at 
Escanaba,  Mich.,  La  Crosse,  Miadison,  and  Milwaukee,  Wis.,  for  each,  from  the  com- 
mencement of  observations  to  December  31, 1881. 

Mr.  A.  C.  DeMerritt,  assistant  engineer,  department  of  city  works,  Brooklyn,  N.  T., 
fnmished  January  1^  1882,  with  a  statement  showing  the  amount  of  precipitation 
in  inches  and  hundredths  registered  at  New  York  City,  and  Sandy  Hook,  N.  J.,  during 
each  month  of  the  year  1881. 

Messrs.  Moore,  Canfield  &  Warner,  attorneys  at  law,  Detroit,  Mich.,  fhrnished 
January  12, 1882,  with  a  statement  showing  the  times  oautiona:^  signals  were  ordered 
to  be  displayed,  when  lowered,  and  the  maximum  velocity  of  the  wind  during  the 
display  at  Grand  Haven,  Mich.,  and  Milwaukee,  Wis.,  from  October  21-24, 1879,  mcln- 
eiye  j  copy  of  daily  bulletin  of  synopses  and  fsMta  for  October  21  to  24, 1879 ;  copy  of 
original  record  of  observations  (excepting  barometer)  taken  at  Grand  Haven  ana  Mil- 
waukee on  October  21-24,  1879,  duly  authenticated  under  the  seal  of  the  War  De- 
partment. 
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Mr.  Henry  F.  Knapp,  National  Hotel,  Washington,  D.  C,  fnrnisheil  January  12, 1882, 
with  a  statement  showing  the  highest  and  lowest  srageu  ot  water  in  the  Mississippi 
river  at  Yicksburg,  Miss. ;  Memphis,  Tenn.;  Cairo,  111. ;  Suiut  Loais,  Mo.,  and  Saint 
Paul,  Minn.,  for  each  year  from  1875  to  1880,  inclusive. 

Mr.  de  B,  Randolph  Keim,  Wai^tiington,  D.  C,  furnished  January  12,  1882,  with  a 
statement  showing  the  mean^  maximum,  and  minimum  temperatures ;  mean  relative 
humidity ;  precipitation  in  inches  and  hundredths ;  prevailing  direction  of  wind ; 
and  number  of  days  on  which  rain  or  snow  fell  at  Philadelphia,  Pa.,  for  each  mouth 
of  the  years  1880  and  1881. 

Messrs.  Reithmann  &  Woodhall,  249  Fifteenth  street,  Denver,  Colo.,  furnished  Jan- 
nary  12,  1882,  with  a  statement  showing  the  temperature  at  7  a.  m.,  3  and  11  p.  m., 
and  the  mean  temperature  on  November  28  and  29,  1881,  at  Leavenworth,  Lai^Tencc, 
Topeka,  and  Manhattan,  Kans. 

Mr.  John  Tatlock,  jr.,  Williams  College  Observatory,  Williamstown,  Mass.,  furnished 
January  14,  1882,  with  a  statement  showing  the  mean  temperature  and  relative  hu- 
midity at  Boston,  Mass.,  Burlington,  yt.,and  Mount  Washington,  N.  H.,  the  former 
fi-om  January,  1873,  to  December,  1875,  inclusive,  and  the  latter  from  July,  1873,  to 
December,  1877,  inclusive. 

Messrs.  H.  and  D.  S.  Riker,  45  Cedar  street,  New  York  City,  N.  Y.,  furnished  Janu- 
ary 16,  1882,  with  a  statement  tdiowing  the  state  of  the  weather  and  the  precipitation 
in  inches  and  hundredths,  registered  at  the  station  of  observation  of  the  Signal  Ser- 
vice U.  S.  Army,  at  New  York  City,  N.  Y.,  for  each  day  from  June  7  to  July  15,  1880, 
and  from  November  8  to  14, 1881. 

The  Chief  Signal  Officer,  U.  S.  Navy,  furnished  January  17, 1882,  with  records  of  ob- 
servations taken  at  the  stations  of  the  Signal  Service,  U.  S.  Army,  New  York  City. 

Messrs.  Moore,  Canfield  &.  Warner,  attorneys  at  law,  Detroit,  Mich.,  furnished  Jan- 
nary  17,  1882,  with  a  statement  showing  the  movement  of  the  wind  in  miles  at  Erie, 
Pa.,  and  Buffalo,  N.  Y.,  for  each  hour  from  10  a.  m.  November  19,  to  10  a.  m.  November 
21, 1880 ;  statement  showing  the  time  of  hoisting  and  lowering  cautionary  signals,  &c., 
at  Erie,  Pa.,  and  Buffalo,  N.  Y.,  on  days  named,  in  November,  1880 ;  statement  show- 
ing the  direction  of  the  wind  at  Buffalo,  N.  Y.,  and  Erie,  Pa.,  at  each  observation 
from  7  a.  m.  of  November  19  to  10  p.  m.  of  November  21,  1880,  all  duly  authenticated 
under  the  seal  of  the  War  Department. 

Mr.  L.  L.  Sly  Held,  Erie,  Pa.,fnmished  January  17,  1882,  with  a  statement  showing 
the  direction  and  velocity  of  the  wind  at  Erie,  Pa.,  at  6.45  and  11  a.  m.,  2,  2.47,  9, 
and  10.47  p.  m.,  on  November  19  and  20,  1880,  duly  authenticated  under  the  seal  of 
the  War  Department. 

Mr.  W.  A.  Scott,  attorney  at  law,  Springfield,  Ohio,  furnished  January  17, 1882, 
with  a  statement  showing  the  thermometer  readings  at  Pittsburg,  Pa.,  at  6.48,  7, 
and  10.48  a.  m.,  2,  2.48,  9,  and  10.48  p.  m.,  and  the  maximum,  mean,  and  minimum 
for  each  day  from  February  10-16,  1881,  inclusive,  duly  authenticated  under  the  seal 
of  the  War  Department. 

Mr.  Chas.  B.  Lothrop,  Detroit,  Mich.,  furnished  January  18, 1882^  with  a  statement 
showing  the  direction  and  velocity  of  the  wind  at  Milwaukee,  Wis,  at  each  observa- 
tion during  October  20,  21,  and  22, 1879 ;  statement  showing  the  time  of  hoisting  and 
lowering  signals,  with  commencement  and  ending  of  gale,  and  maximum  velocity  of 
the  wind  in  miles  per  hour  duriug  the  display  at  Grand  Haven,  Escanaba,  and  Mil- 
waukee, from  November  18-25,  1^79 ;  statement  showing  the  direction  and  velocity  of 
the  wind  in  miles  per  hour  at  Escanaba  and  Grand  Haven,  Mich.,  and  Milwaukee, 
Wis.,  at  each  observation  during  November  20, 21, 22, 23, 24,  and  25, 1879,  all  duly  au- 
thenticated under  the  seal  of  the  War  Department. 

Dr.  H..B.  Horlbeck,  secretary  board  of  trade,  Charleston,  S.  C,  furnished  January 
18, 1882,  with  a  copy  of  the  met-eorological  summary  at  Charleston.  S.  C,  for  1881. 

Mr.  Gtoo.  H.  Morgan,  secretary  Merchants'  Exchange,  Saint  Louis,  furnished  January 
19,  18^,  with  a  set  of  charts  showing  the  temperature  at  6.07  a.  m.,  2.07  and  10.07 
p.  m.,  rainfall  and  stage  of  water  for  each  day  of  each  month  of  1881. 

Mr.  E.  S.  Reese,  attorney  at  law,  51  West  Fayette  street,  Baltimore,  Md.,  furnished 
January  27,  1882,  with  a  copy  of  the  original  record  of  observations  taken  at  Balti- 
more, Md.,  on  July  30, 1880,  and  a  copy  of  abstract  of  Journal  fbr  July  20, 18e0,  at 
same  place,  duly  authenticated  under  the  seal  of  the  War  Department. 

Mr.  W.  B.  Beach,  29  Weybosset  street,  Providence,  R.  I.,  furnished  January  27, 
1872,  with  a  statement  showing  the  state  of  weather  on  July  6-13,  1877,  inclusive,  at 
Boston,  Thatcher's  Island,  and  Wood's  Holl,  Mass.,  Burlineton,  Vt.,  Eastport  and 
Portland,  Me.,  New  Haven  and  New  London,  Conn.,  and  Newport,  R.  I.,  duly  au- 
thenticated under  the  seal  of  the  War  Department. 

Prof.  8.  F.  Baird,  Secretary  of  the  Smithsonian  Institution^  Washington^  D.  C,  fur- 
nished January  28,  1882,  with  a  statement  showing  precipitation  in  inches  and 
hundredths  at  North  Platte,  Nebr.,  for  December,  6,  1879,  and  average  daily  rainfall 
for  June,  1880. 

Mr.  D.  C.  Chase,  superintendent  Delaware  and  Raritan  Canal,  377  West  street,  New 
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York  City,  fnrniBhed  February  1, 1882,  with  a  statement  showing  the  velocity  of  the 
wind  in  miles  per  hour  ac  New  York  City,  at  half-hourly  intervals  from  5.30  p,  m.  to 
10  p.  m.  of  March  27,  1877,  duly  authenticated  under  the  seal  of  the  War  Department. 

Mr.  William  JManning,  Hays  City,  Ellis  County,  Kansas,  furnished  February  2, 1882, 
with  a  statement  showing  the  precipitation  for  each  mouth  from  the  commencement 
of  observations  to  January  1,  1882,  at  Atlanta,  Buffalo,  Chicago,  Denver,  Fort  Sill^ 
Galveston,,  Leavenworth,  Mobile,  New  Orleans,  Oswego,  Portland,  Oreg.,  Portland, 
Me.,  Boston, New  York  City,  Salt  Lake  City,  San  Francisco,  Saint  Louis,  Saint  Paul, 
Wilmington,  and  Yuma. 

Mr.  Raphael  Pumpelly,  director  Northern  Trans-continental  Survey,  Newport,  R.  I., 
famished  February  2,  1882,  with  a  statement  showing  the  barometric  observations 
taken  at  Olympia  and  Dayton,  Wash ,  from  September  9  to  November  6,  1881. 

Dr.  Irving  Rosse,  Willard's  Hotel,  Washington,  D.  C,  furnished  February  2,  1382, 
with  a  meteorological  summary  of  observations  taken  at  the  Signal  Service  station 
at  Fort  Saint  Michael's,  Alaska,  from  July  to  December,  1880,  Inclusive,  made  from 
he  records  on  file  at  tbo  Office  of  the  Chiet  Signal  Officer. 

Lieut.  Col.  C.  B.  Comstock,  Detroit,  Mich.,  furnished  February  3, 1882.  with  a  state- 
ment showing  the  number  of  times  during  the  years  1878, 1879,  and  1880,  the  velocity 
of  the  wind  at  7.35  a.  m.  exceeded  15  milesper  hour  at  Smithville,  N.  C. 

Prof.  Elias  Loomis,  Yale  College,  New  Haven,  Conn.,  furnished  Februarys,  1882, 
with  a  statement  showing  the  annual  amount  of  rainfall  for  1878  and  1679  at  the  fol- 
lowing stations :  San  Jo^,  Zi-ka-wei,  Hiroshima,  Nagasaki,  Tokei,  Wakayama,  Co- 
lima,  Guadalayara,  Guanarnto,  Lein,  Mazalin,  Mexico,  Pueblo,  Pabellon,  San  Luis 
Potosi,  Hacalulpam,  vera  Cruz,  Lacu  teens,  Havana,  San  Fernando,  San  Juan  de  Porto 
Rico,  Manilla,  York  Factory,  Kingst  n,  Navassa,  Paramaribo,  Batavia,  Medellin,  St. 
Thomas,  W.  I. 

Mr.  W.  E.  Cass,  No.  2  Snnmier  Place,  Newark,  N.  J.,  fomished  February  6,  1882, 
with  a  statement  showino^  the  mean  maximum  and  minimum  temperature  and  pre- 
cipitation in  inches  and  nundredths  at  Cape  May,  N.  J.,  for  each  month  of  the  year 
1881. 

Mr.  William  Thompson,  President,  Inland  and  Seaboard  Coasting  Company,  613  Fif- 
teenth street,  Washington,  D.  C,  furnished  February  7,  1H82,  with  a  copy  of  the  ob- 
servations taken  at  Delaware  Breakwater  at  7.08  and  11.08  a.  m.,  3.08  and  11.08  p.  m., 
on  January  1  and  2, 1882,  duly  authenticated  under  the  seal  of  the  War  Department. 

Mr.  £.  B.  Hagar,  Assistant  City  Collector,  26  Pemberton  Square,  Boston,  Mass.,  fur- 
nished February  7, 1^82,  with  a  copy  of  the  original  record  of  all  observations  taken 
at  Boston,  Mass.,  January  3,  1881,  with  the  exception  of  the  barometer,  duly  authen- 
ticated under  the  seal  of  the  War  Department. 

Mr.  John  L.  Hammer,  Collector  of  Customs,  Philadelj^hia,  Pa.,  furnished  February 
7,  1882,  with  a  statement  showing  the  maximum  and  minimum  temperature,  state  of 
weather,  and  precipitation  at  Philadelphia,  Pa.,  for  each  day  from  November  22, 1879, 
to  January  9,  1880,  inclusive,  duly  authenticated  under  the  seal  of  the  War  Depart- 
ment. 

Mr.  Samuel  Little,  Mustopha,  Algiers,  Algeria,  furnished  February  8, 1882,  with  a 
statement  showing  the  normal  temperature  at  Colorado  Springs,  Colo.,  for  the  months 
March  to  Jnlj^  inclusive. 

Mr.  E.  R.  Sharwood,  secretary  Maritime  Exchange,  Philadelphia,  Pa.,  furnished 
February  >*,  1862,  with  a  statement  showing  tbe  direction  and  velocity  of  the  wind  at 
Cape  Henry  and  Norfolk,  Ya.^  at  the  7  a.  m.  and  3  p.  m.  (Washington  time)  observa- 
tions of  November  1-4,  inclusive. 

Mr.  J.  Emory  Owen,  Detroit,  Mich.,  furnished  February  9,  1882,  with  a  statement 
showing  the  direction  and  velocity  of  the  wind  for  every  hali  hour  at  Detroit,  Mich., 
on  October  1,  1881 ;  also  the  times  of  hoisting  and  lowering  of  the  cautionary  signal 
from  September  29  to  October  1, 1881,  duly  authenticated  under  the  seal  of  the  War 
Department. 

Mr.  Robert  Bell,  Pittsburg,  Pa.,  furnished  February  10,  1882,  with  a  statement 
showing  the  temperature  and  state  of  weather  at  6.48, 10.48  a.  m.,  2.48,  6.48,  and 
10  48  p.m.,  and  the  maximum  and  minimum  temperature  for  each  day  from  Decem- 
ber 1,  1881,  to  January  31,  1888  inclusive,  at  Pittsburg,  Pa.,  duly  authenticated 
nnder  the  seal  of  the  War  Department. 

Messrs.  I.  &  C.  Moore  &  Co.,  Donnell  Building,  Baltimore,  Md.,  fhrnished  February 
10, 1882,  with  a  copy  of  the  original  record  showing  the  temperature  and  wet-bulb, 
dew-point,  relative  humidity,  clouds,  rain,  or  snow,  and  state  of  weather  at  each  ob- 
servation at  Baltimore,  Md.,  on  January  3,  4,  and  5,  1882,  duly  authenticated  under 
the  seal  of  the  War  Department. 

Messrs.  Thorp  &  Hughes,  106  Main  street,  Norfolk,  Ya.,  February  13, 1882,  fhmished 
with  a  copy  tof  the  original  record  of  observations  taken  at  Hatteras,  N.  C,  on  Novem- 
ber 24-Deceniber  3,  IsSl,  inclusive,  duly  authenticated  under  the  seal  of  the  War  De- 
j^artment. 

Bir.  Frank  E.  Yelzy,  216  Washington  street,  Buffalo,  N.  Y.,  furnished  Febmaiy  13, 
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1882,  with  a  statement  showing  the  days  between  October  1, 1881,  and  Jannaiy  16, 
1882,  on  which  rain  or  snow  fell,  and  on  which  the  temperature  of  the  air  did  not 
rise  to  32^,  and  also  all  days  on  which  it  fell  below  22P  at  Buffalo,  K.  T.,  duly  authen- 
ticated under  the  seal  of  the  War  Department. 

Mr.  Norm  an  D.  Sampson,  appraiser's  office,  cuetom-honse,  New  York  City,  furnished 
February  13,  1882,  with  a  statement  shbwing  the  rainfall  and  state  of  woatner  at  each 
observation  at  New  York  City  on  March  22, 23,  and  24, 1881,  duly  authenticated  under 
the  seal  of  the  War  Department. 

Messrs.  W.  B.  Dana  &  Co.,  No.  79  and  81  William  street.  Now  York  City,  furnished 
February  13, 1882,  with  the  monthly  reports  of  rainfall  and  temperature  for  December 

1881,  at  Castroville,  San  Antonio,  Denison,  and  Decatur,  Tex. ;  Portsmouth,  Kitty- 
hawk  and  Charlotte,  N.  C. ;  Charleston,  S.  C. ;  and  Mobile,  Ala.  \ 

Messrs.  J.  C.  Dodge  &,  Sons,  85  Milk  street,  Boston,  Mass.,  furnished  February  20, 

1882,  with  a  copy  of  the  original  record  of  observations  taken  at  Thatcher's  Island, 
Mass.,  November  30,  December  1  and  2, 1881,  duly  authenticated  under  the  seal  of  the 
War  Department. 

Mr.  W.  C.  Whitnej',  Staafcs-Zeitung  Building,  New  York  City,  furnished  February 
:21, 1882,  with  a  statement  showing  the  precipitation  at  New  York  City  from  November 
"20  to  December  28,  18^0 ;  also  thermometric  readings  at  each  observation,  and  daily 
maximum  and  minimum  temperature  at  same  place  from  December  25  to  2S,  1880. 

Messrs.  Sharp  &  Hughes,  106  Main  street,  Norfolk,  Va.,  furnished  February  21, 1882, 
with  a  copy  of  the  original  record  for  January  21  to  24,  1882,  from  stations  at  Kitty- 
hawk  and  Cape  Hatteras,  N.  C. 

Messrs.  Dexter,  Herrick  &,  Allen,  23  Portland  Block,  Chicago,  111.,  furnished  Febru- 
ary 23,  1882,  with  a  statement  showing  the  amount  of  clouds  and  state  of  weather 
January  17, 18,  and  19,  1881,  at  Chicago,  111. 

Mr.  R.  C.  Wilbur,  Aurora,  Ind.,  furnished  February  23, 1882,  with  a  statement  show- 
ing the  mean  temperature  at  Moorhead,  Minn.,  for  the  months  of  June,  July,  and 
August. 

Mr.  W.  A.  Everman,  secretary  Board  of  Mississippi  Levee  Commissioners,  Greenville, 
Miss.,  furnished  February  23, 1882,  with  a  statement  showing  the  highest  water  in  the 
rivers  and  dates  of  same  at  Cairo,  Chattanooga,  Cincinnati,  Davenport,  Helena,  Leav- 
enworth, Little  Rock,  Louisville,  Memphis,  New  Orleans,  Saint  Paul,  Saint  Louis, 
Vicksbnrg,  and  Nashville. 

Mr.  R.  C.  Richards,  general  claim  agent,  Chicago  and  Northwestern  Railroad,  Chi- 
cago, 111.,  furnished  February  %\  1882,  with  a  statement  showing  the  temperature  at 
Chicago,  III.,  from  November  13  to  15, 1881,  inclusive. 

Mr.  H.  J.  Fallon,  Cotton  Exchange,  Hanover  Square,  New  York  City,  furnished  Feb- 
ruary *ib,  l^^f  with  a  statement  showing  the  average  precipitation  for  each  month 
of  1&H31  at  Atlanta,  Augusta,  Baltimore,  Charleston,  Charlotte,  Chattanooga,  Corsicana, 
Denison,  Galveston,  Indianola,  Jacksonville,  Key  West,  Knoxville,  Louisville,  Mem- 

Shis,  Mobile,  Montgomery,  Morgantown,  Nashville,  New  Orleans,  Norfolk,  Punta  Rassa, 
aint  Louis,  San  Antonio,  Savannah,  Vlcksbur^,  Washington,  and  Wilmington. 

Prof.  Simon  Nowcomb,  superintendent  Nautical  Almanac,  Washlnj^n,  D.  C,  fur- 
nished February  27, 1882,  with  a  statement  showing  the  average  cloudiness  (on  a  scale 
of  1  to  10)  at  noon  at  the  places  named  from  December  1  to  15 :  Augusta,  Cairo, 
Charlotte,  Memphis,  Montgomery,  New  York,  Pittsburg,  and  Washington. 

Mr.  Julius  Fellner,  129  Federal  street,  Boston,  Mass.,  furnished  February  28, 1882, 
with  a  statement  showing  the  monthly  temperature  at  Jacksonville,  Fla.,  and  Los 
Angeles.  Cai.,  from  1876  to  1881,  inclusive. 

Mr.  Cnarles  C.  Davis,  No.  58  West  Third  street,  Cincinnati,  Ohio,  furnished  March 
1, 1882,  with  a  statement  showing  the  maximum,  minimum,  and  mean  temperature, 
rainfall,  number  of  days  on  which  rain  or  snow  fell,  and  the  total  movement  of  the 
wind  at  Santa  F6  and  Socorro,  N.  Mex.,  and  Bismarck,  Dak.,  for  each  month  from  Jan- 
nary,  1879,  to  February,  1882,  inclusive. 

Mr.  R.  H.  Tucker.  361  Columbus  avenue,  Boston,  Mass.,  furnished  with  a  copy  of 
the  original  record  of  observations  taken  at  Boston,  Thatcher's  Island,  and  Portland, 
on  September  7-20,  1881,  inclusive  (excepting  the  barometer,  wet-bulb,  dew-point, 
relative  humidity,  and  cloud  obsbrvations),  duly  authenticated  under  the  seal  of  the 
War  Department. 

Mr.  Wm.  Brown,  Saint  Louis,  Mo.,  furnished  March  6, 1882,  with  a  statement  show- 
ing the  direction  and  velocity  of  the  wind  at  each  observation  taken  at  Toledo,  Ohio, 
on  February  11,  1881,  duly  authenticated  under  the  seal  of  the  War  Department. 

Messrs.  John  C.  Dodge  &  Sons,  No.  85  Milk  street,  Boston,  Mass.,  furnished  March 
6,  1882,  with  a  copy  of  the  anemometer  sho<)ts  of  Thatcher's  Island,  Mass.,  for  Novem- 
ber 30,  December  1  and  2,  1881,  duly  authenticated  nnder  the  seal  of  the  War  De- 
partment. 

Mr.  J.  Herrick  Henry,  No.  52  William  street,  New  York  City,  furnished  March  9, 
1882,  with  a  copy  of  the  original  record  of  observations  taken  at  New  York  City  on 
July  29  and  30  and  August  9  and  10, 1879;  March  15  and  16,  1880,  with  the  exception 
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of  the  barometer  and  the  thermometer  readings,  daly  anthenticat^d  nnder  Ibhe  seal  of 
the  War  Department. 

Mr.  Raphael  Pompelly,  director  Northern  Transcontinental  Snrrey,  Newport,  R.  I., 
famished  March  11,  18&1,  with  a  statement  showing  the  readings  of  the  attached  ana 
exposed  thermometers  at  3.56  and  11.56  a.  m.  and  7.56  p.  m.  obMrvations  on  Septem- 
ber 9-NoYember  6, 1881,  inclnslve,  taken  at  Olympia  and  Dayton,  Wash. 

Dr.  John  O.  Lee,  No.  129  Soath  Thirteenth  street,  Philadelphia,  Pa.,  fhmished 
March  13,  1882,  with  a  statement  showing  the  highest  and  lowest  range  of  the  barom- 
eter, and  mazimnm  and  minimnm  and  range  of  temperature,  precipitation,  number  of 
days  on  which  rain  or  snow  fell,  and  prevailing  wind  at  Philadelphia,  Pa.,  for  each 
month  from  January,  1873.  to  December,  1881,  inclusiTe. 

Mr.  Charles  E.Buell,  1524  G  street  northwest^ Washington,  D.C.,ftimished  March 
13,  1882,  with  a  statement  showing  the  monthly  and  annual  movement  of  the  wind  for 
1881  at  Boston,  Buffalo,  New  Orleans,  Omaha,  San  Francisco,  and  Washington. 

Mr.  John  Tatlock,  jr.,  WiUiamstown,  Mass.,  fhmiahed  March  15, 1682,  with  a  state- 
ment showing  the  mean  relative  humidity  at  Portland,  Me.,  for  the  years  1873, 1874, 
1875, 1876.  and  1877. 

Anelo- American  Packing  and  Provision  Company,  Kansas  City,  Mo.,  furnished 
March  15, 1882,  with  a  statement  showing  the  hi^rhest  temperature  of  the  Missouri 
river  at  Omaha,  Nebr.,  and  Tankton,  Dak.,  durmg  the  months  of  June,  July,  and 
Auffust,  1877. 

Messrs.  Spaan  &  Heiner,  Indianapolis,  Ind.,  furnished  March  17, 1882,  with  a  state- 
ment showm^  the  maximum  temperature,  the  time  of  beginning,  endiuK*  and  amount 
of  precipitation  in  inches  and  hundredths,  which  fell  at  Indianapolis,  Sad.,  each  day 
from  November  1  to  24, 188U. 

John  R.  Page,  M.  D.,  University  of  Virginia,  OharlottesviUe,  Ya.,  furnished  March  18, 
1682,  with  a  statement  showing  the  temperature  and  precipitation  at  Lynchburg,  Ya., 
for  each  month  from  Jaliuary^  1873,  to  December,  1881. 

Quartermaster-General,  United  States  Army,  furnished  March  20, 1882,  with  a  state- 
ment showing  the  mean  daily  barometer  and  mean  thermometer  at  Washington,  D. 
C,  from  observations  taken  at  7  a.  m.,  2  and  9  p.  m.,  on  July  23, 25, 28,  ^,  August  11, 
12, 13,  December  13, 15, 16,  and  17, 1680 ;  also  showing  the  monthly  mean  thermometer 
from  observations  taken  at  7  a.  m.,  3  and  11  p.  m.,  from  July  1, 1881,  to  March  I,  1882. 

Mr.  Michael  Moran,  13  and  14  South  street.  New  York  City,  furnished  March  21, 1882^ 
with  an  extract  from  the  original  records  of  observation  ti^en  at  New  Haven,  Coim.» 
February  10, 1882. 

Messrs.  Morse  ik.  Allen,  counsellors  at  law,  Boston,  Mass.,  frimished  March  24, 1882, 
with  a  statement  showing  the  condition  of  the  weather  at  each  observation  taken  at 
Boston,  Mass.^  on  July  27, 1880 ;  also  copy  of  anemometer  sheet  from  midnight  of  July 
26,  1880,  to  midnight  of  July  27,  1880,  duly  authenticated  under  the  seal  of  the  War 
Department. 

Mr.  Erastus  New,  140  Nassau  street.  New  York  City,  furnished  March  24, 1882,  with, 
a  statement  showing  the  record  of  precipitation  at  New  York  City  from  December  1, 
1860,  to  January,  1881,  duly  authenticated  under  the  seal  of  the  War  Department. 

The  president,  West  Yimnia  University,  Morgantown,  W.  Ya.,  furnished  March  27, 
18^,  with  a  statement  shotting  the  annual  means  at  Morgantown,  W.  Ya.,  for  the 
year  1881. 

Editor,  Globe-Democrat,  Saint  Louis,  Mo.,  furnished  March  28, 1882,  with  a  state- 
ment showing  the  depth  of  unmelted  snow  lying  on  the  ground  on  March  1  of  years 
1878-1882,  inclusive,  at  Bismarck,  Fort  Benton,  Fort  Buford,  Fort  Stevenson,  Leaven- 
worth, Omaha,  Saint  Louis,  and  Yankton. 

Mr.  Thomas  Pinckney,  general  agent  East  Tennessee,  Yirginia  and  Georgia  Air-Line, 
303  Broadway,  New  York  City,  furnished  March  28,  1882,  with  a  statement  showing 
temperature  observations  made  by  the  observer  of  the  Signal  Service,  U.  S.  Army,  at 
Lynchburg,  Ya.,  on  December  29,  30,  and  31,4880. 

Messrs.  Peaboay,  Baker  &  Peabody ,  110  Broadway,  New  York  City,  furnished  March 
29, 1882,  with  a  statement  showinff  the  minimum  temperature  at  New  York  City  on 
each  day,  from  October  1,  1889,  to  May  1, 1881. 

Quart^master- General,  U.  S.  Army,  furnished  March  29, 1882,  with  a  statement 
showing  the  mean  dally  barometer  and  mean  daily  thermometer  at  Washington,  D.  C, 
from  observations  at  7  a.  m.,  3  and  11  p.  m.  for  each  day  from  July,  1881,  to  March  1, 
1882. 

Mr.  John  B.  Freeman,  civil  engineer,  Essex  Company,  Lawrence,  Mass.,  fhmished 
March  30, 1882,  with  a  statement  showing  the  rainfall  in  inches  and  hundredths  at 
Forts  Concho,  Davis,  Elliott,  and  Griffin,  Tex.,  from  the  commencement  of  observa- 
tions to  and  inolnding  December,  1881. 

Mr.  George  J.  Young,  642  Second  avenue.  New  York  City,  furnished  March  31, 1882, 
with  a  copy  of  the  original  record  of  observations  taken  on  February  25, 1882,  at  New 
York  City,  duly  authenticated  nnder  the  seal  of  the  War  Department. 

Mr.  Thomas  JPinckney,  general  agent  East  Tennessee,  Yirginia  and  Georgia  Air-Line^ 
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303  Broadway,  New  York  City,  fhTnislied  March  31, 1882,  with  a  statement  showing 
the  thermometer  readings  at  Norfolk,  Ya.,  from  December  24-28,  1880,  both  dates  in- 
clusive. 

Mr.  J.  Connor,  chief  of  the  Indiana  State  Bureau  of  Statistics,  Indianapolis,  Ind., 
furnished  April  5,  1882,  with  a  statement  showing  the  annual  mean  of  barometer  and 
thermometer,  and  relative  humidity,  highest  and  lowest  temperatures,  prevailing  di- 
rection of  wind,  number  of  clear,  fair,  and  cloudy  days,  average  amount  of  cloudiness, 
number  of  days  on  which  0.01  inches  or  moreof  rain  or  snow  fell,  total  rainfall,  ^eatest 
rainfidl  in  24  consecutive  hours,  number  of  days  on  which  maximum  and  minimum 
temperature  was  below  freezing-point,  and  number  of  days  on  which  temperature  rose 
above  90  degrees ;  also  statement  showing  monthly  mean  barometer  and  thermometer 
and  total  amount  of  rain  or  melted  snow,  highest  and  lowest  thermometer,  highest  and 
lowest  barometer  for  each  year  of  the  decade  ending  December  31,  1881,  at  Indianap- 
olis,  Ind. 

Mr.  Alex.  Heron,  secretary,  Indiana  State  Board  of  Agriculture,  Indianapolis,  Ind..  t 

furnished  with  a  statement  showing  daily  and  monthfy  mean  barometer,  daily  ana 
monthly  mean  temperature  for  each  day  and  each  month,  and  mean  barometer,  ther- 
mometer, and  relative  humidity,  maximum  and  minimum  temperature,  prevailing 
direction  of  wind,  number  of  clear,  fair,  and  cloudy  days,  average  amount  of  cloudi- 
ness, number  of  days  on  which  0.01  inches  or  more  rain  or  snow  fell,  total  amount  of 
rainfall,  and  number  of  days  on  which  temperature  fell  below  freezing  point  at  In- 
dianapolis, Ind. 

Mr.  L.  W.  Madarasz,  San  Antonio,  Tex.,  furnished  April  11, 1882,  with  a  statement 
showing  temperature  at  Fort  Davis  from  April,  1878,  to  February,  1882. 

Mr.  C.  S.  Dewey,  city  attorney,  Indianapolis,  Ind.,  furnished  April  11, 1882,  with  a 
fitatement  showing  the  temperature  and  rainfall  at  Indianapolis,  Ind.,  from  January 
31  to  February  3, 1881. 

Messrs.  Goodrich,  Deady  &  Piatt,  59  and  61  Wall  street,  New  York  City,  furnished 
April  11, 1882,  with  a  copy  of  anemometer  sheets  from  Newport,  R.  I.,  for  March  26  to 
29.1882. 

Messrs.  Goodrich,  Deady  &  Piatt,  59  and  61  Wall  street.  New  York  City,  furnished 
April  12, 1882,  with  a  statement  showing  direction  and  velocity  of  the  wind  at  New 
London,  Conn.,  and  Newport,  R.  I.,  March  27  and  28, 1882. 

Messrs.  Pritchard  &  Wolfe,  5i  North  Park  street,  Mansfield,  Ohio,  furnished  April  1.3, 
1882,  with  a  statement  of  annual  and  mean  annual  amount  of  precipitation  at  BeUe- 
fontaine,  Cincinnati,  Cleveland,  Columbus,  &illsborough,  Ringgold,  Rnggles,  San- 
dusky, and  Toledo,  Ohio,  for  years  1871  to  1879,  inclusive. 

Lieut.  Smith  S.  Leach,  secretary  of  Mississippi  River  Commission,  2828  Washington 
avenue.  Saint  Louis,  Mo.,  furnished  April  13, 1882,  with  a  statement  showins  precipi- 
tation at  Cairo,  Cincinnati,  Columbus,  Indianapolis,  Little  Rock,  Louisville,  Memphis, 
New  Orleans,  Pittsburg,  and  Vicksburg  from  December  1, 1881,  to  April  1, 1^2. 

Messrs.  P.  S.  Chappefi  &  Son,  Baltimore,  Md.,  furnished  April  15, 1682,  with  a  state- 
ment showing  direction  of  wind  at  Baltimore,  Md.,  August  to  December,  1879. 

Messrs.  Goodrich,  Deady  &  Piatt,  59  and  61  Wall  street.  New  York  City,  furnished 
April  15, 1882,  with  a  statement  showing  meteorological  observations  taken  at  New- 
port, New  London,  and  Fall  River  stations  for  March  274fuid  28, 1882. 

Mr.  Edward  McKinley ,  291  Broadway,  New  York  City,  furnished  April  17, 1882,  with 
a  statement  showing  weather  record  at  New  York  City  from  January  31  to  February 
6,1882. 

Mr.  Jno.  A.  Starin,  Pier  18  North  River,  New  York  City,  furnished  April  17, 1882,  with 
a  statement  showing  temperature  at  New  York  from  March  8  to  19, 1881. 

Mr.  Frank  Huger,  superintendent  transportation,  Norfolk  and  Western  Railroad, 
Lynchburg,  Ya.,  furnished  April  19, 1882,  with  a  copy  of  the  original  record  at  Lynch- 
burg, Va.,  for  December  2  and  3,  1881. 

Col.  Geo.  E.  Waring,  jr.,  special  agent,  Census  Office,  Newport,  R.  I.,  furnished 
April  24,  1882,  with  a  statement  showing  the  highest  and  lowest  temperatures  re- 
corded at  Philadelphia,  Pa.,  for  each  year  frx>m  1871  to  1881  inclusive. 

Messrs.  Sharp  &  Hughes.  Norfolk,  Ya.,  furnished  April  24,  1882,  with  a  statement 
showing  the  direction  and  velocity  of  wind  at  Chincoteague,  Ya.,  and  Delaware 
Breakwater,  Del.,  on  March  23-26,  1882,  inclusive,  at  each  observation,  duly  authen- 
ticated under  the  seal  of  the  War  Department. 

Messrs.  Wm.  and  Lew.. Wallace,  attorneys  at  law,  Indianapolis,  Ind.,  furnished 
April  24,  1882,  with  a  statement  showing  the  temperature  ana  precipitation  at  In- 
diauapolis,  Ind.,  for  each  observation  fh)m  November  20,  to  December  31,  1879,  duly 
authenticated  under  the  seal  of  the  War  Department. 

Mr.  S.  T.  Abort,  United  States  civil  engineer,  Washington,  D.  C,  frimished  April 
24,  1882,  with  a  statement  showingthe  amount  of  precipitation  which  fell  at  Wash 
ington,  D.  C,  during  November,  1877,  and  February,  1881. 

Mr.  Chas.  A.  Fisher,  secretary  of  State  Board  of  Health,  Providence,  R.  I.,  fhr- 
nished  April  26, 1882,  with  a  statement  showing  the  mean,  maximom,  and  minimum 
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temperatures,  monthly  range,  ^eatest  average  daily  range  of  temperature,  total 
aniount  of  rainfall,  and  prevailing  direction  of  wind  for  eacn  month  of  1881  at  New- 
port, R.  I. 

Hussrs.  Pritchard  &,  Wolfe,  Mansfield,  Ohio,  furnished  Mav  1,  1882,  with  a  state- 
ment showing  the  precipitation  at  Hillsborough,  Ringgold,  and  Ruggles,  Ohio,  for  each 
month  from  the  commencement  of  observations  to  December,  1880 ;  also  showing  the 
amount  of  precipitation  at  Cincinnati,  Cleveland,  Sandusky,  and  Toledo,  Ohio,  for 
each  month  from  January,  1871,  to  January,  1882,  duly  authenticated  under  the  seal 
of  the  War  Department. 

Mr.  George  L.  Bnzey,  secretary,  Philadelphia  Board  of^ Trade,  Philadelphia,  Pa., 
furnished,  May  6, 1882,  with  a  copy  of  the  original  record  of  observations  taken  at 
Delaware  Breakwater,  Del.,  April  10  and  11, 1^2. 

Mr.  E.  C.  Morrison,  civil  engineer,  Morrisania  Station,  New  York  City,  furnished 
May  8,  1882,  with  a  statement  showing  amount  of  precipitation  at  Marquette,  Mich., 
for  each  month  from  June,  1871,  to  April  1,  1882. 

Messrs.  Goodrich,  Deady,  &,  Piatt,  59  and  61  Wall  street,  New  York  City,  furnished 
May  H,  1662,  with  a  statement  showing  the  direction  and  velocity  of  the  wind  at  New 
York  City  and  Sandy  Hook,  at  each  observation  taken  on  September  15, 1881,  duly 
authenticated  under  the  seal  of  the  War  Department. 

Mr.  A.  N.  Fuller,  Hermosa,  La  Plata  County,  Colorado,  furnished  May  8, 1882,  with 
a  statement  showing  the  mean  annual  temperature  and  precipitation  (as  deduced  from 
the  average  of  many  yearly  means)  for  New  York  City,  Chicago,  Saint  Louis,  Denver, 
Santa  F^,  Leavenworth,  and  San  Francisco. 

Messrs.  John  Livermore  &.  Co.,  24  West  Front  street,  Cincinnati,  Ohio^  furnished 
May  12,  1882,  with  a  statement  showing  temperature,  dew-point,  humidity,  direction, 
and  velocity  of  winds,  clouds,  precipitation,  and  state  of  weather  at  New  York  City, 
April  11  to  15,  1882. 

Capt.  W.  S.  Stanton,  en^eer  barracks,  Wefet  Point,  N.  Y.,  furnished  May  13, 
1862,  with  a  statement  showing  the  barometer  readings,  the  wet  and  dry-bulb  ther- 
mometers at  Salt  Lake  City,  Cheyenne,  and  Yankton  for  each  day  from  July  13  to 
August  31,  1881,  inclusive. 

Mr.  John  E.  Mac  Iver,  secretary  Detroit  Board  of  Trade,  Detroit,  Mich.,  furnished 
May  15,  1882^  with  a  statement  showin^^  the  mean,  maximum,  and  minimum  temper^ 
atures  at  Chicago,  Detroit,  Indianapobs,  Cincinnati,  Louisville,  and  Toledo. 

Mr.  C.  G.  Dillon,  Zanesville,  Ohio,  furnished  May  ^,  1882,  with  a  statement  showing 
the  precipitation,  in  inches  and  hundredths,  at  stations  at  Fort  Benton,  Fort  Custer, 
Fort  Keogh,  Fort  Shaw,  and  Helena,  Mont.,  Fort  Buford,  Dak.,  and  Virginia  City  for 
each  mouth  from  commencement  of  observations  to  April,  1882. 

Mr.  Jerome  T-  Johnson,  Detroit,  Mich.,  furnished  May  22,  1882,  with  a  statement 
showing  state  of  weather  in  that  city  Saturday,  January  11, 1879. 

Mr.  A.  B.  Jackson,  OdikoshY  Wis.,  furnished  May  22, 1882.  with  a  statement  show- 
inj^  the  monthly  precipitation,  in  inches  and  hundiedths,  at  Milwaukee  and  Madison, 
Wis.,  for  the  months  of  June  to  December,  187&-1880,  aJso  at  voluntary  stations  at 
Embarrass,  Manitowoc,  and  Ripon,  Wis.,  for  same  periods. 

Mr.  William  E.  Cass,  Newark,  N.  J.,  fnmishea  May  23,  188^  with  a  statement 
showing  mean  annual  tempei»ture  and  rainfall  for  a  number  of  years  and  for  1881 
at  New  York,  Philadelphia,  Cape  May,  Sandy  Hook.  Bamegat,  and  Atlantic  City. 

Mr.  William  A.  Dodge  Stokes^  37  Madison  avenue.  New  YoA  City,  furnished  May 
23, 1882,  with  a  statement  showing  thermometer  reaaings,  and  state  of  the  weather  at 
New  York  City  during  the  months  of  May,  June,  and  July,  1881. 

Mr.  H.  Constable,  office  general  superintendent,  Lake  Erie  and  Western  Railroad, 
New  York  City,  furnished  May  25, 1882,  with  a  statement  showing  the  movement  of 
the  wind  at  New  York  City  for  1880. 

Mr.  Julius  A.  Dowling,  1129  Thirteenth  street  northwest,  Washington,  D.C.,  fur- 
nished May  27, 1882,  with  a  statement  showing  the  condition  of  the  weather  in  Wash- 
ington City  March  30  and  31,  and  April  1,  1882. 

Messrs.  Moore,  Canfield  &  Warner,  Detroit,  Mich.,  furnished  May  27, 1882,  with  a 
statement  showing  direction  and  velocity  of  the  wind  at  Cleveland,  Ohio,  October  3 
to  5,  inclusive ;  also  when  storm  signals  were  raised  and  lowered  on  those  dates. 

Mr.  A.  H.  Garrettson,  Keokuk,  Iowa,  furnished  May  27, 1882,  with  a  statement  show- 
ing river  record  during  September,  October,  and  November,  1881,  at  Keokuk.  Iowa. 

Messrs.  Goodrich,  Deady  &  Piatt,  59  and  61  Wall  Street,  New  York  City,  lurnished 
May  29, 1882,  with  a  statement  showing  direction  and  velocity  of  the  wind  at  New 
York  City  on  March  5,  1880. 

Messrs.  Martin  &  Smith,  50  Wall  street,  New  York  City,  furnished  May  29, 1882,  with 
a  st-atement  showing  mean  temperature  and  precipitation  from  all  stations  of  the  Sig- 
nal Service  for  years  1879, 1880,  and  1881. 

Messrs.  Coloney,  Talbot  &  Co.,  Jacksonville,  Fla.,  furnished  May  31, 1882,  with  a 
statement  showing  the  character  of  the  weather  at  Jacksonville,  Fla.^  for  year  1881. 

Mr.  Thomas  H.  Brents,  933  K  street,  Washington,  D.  C,  furnished  June  3, 1882,  with 
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a  statemoDt  Bhowinff  temperature  anct  precipitation  at  Portland,  Oreg. ;  Almota,  Col- 
fax, Dayton,  and  Olympia,  Wash. ;  and  Lewiston,  Idaho,  for  each  month  from  Jaua- 
ary,  1879,  to  April,  1882. 

Mr.  J.  B.  Collier,  care  of  Collier,  Bndd  &  Co.,  Cincinnati,  Ohio,  fiimished  Jnne  3, 
1882,  with  a  statement  showing  precipitation  at  Pittshurff,  Pa.,  from  November  1,, 
1870,  to  April  30, 1882 :  also  record  of  river  observations  at  Pittsbarjr  from  February 
1, 1881,  to  liay  1,  1882. 

Mr.  J.  B.  Baird,  general  office,  C,  St.  P.,  M.  &  O.  R.  R.,  Saint  Paul,  Minn.,  furnished 
Jane  5,  1882,  with  a  statement  showing  highest  and  lowest  temperatures  at  stations 
in  California  from  commei^cement  of  operations  to  April  30,  1882. 

Mr.  A.  L.  Philips,  Washington,  D.  C,  furnished  June  5, 18^  with  a  statement  show- 
ing average  precipitation  at  Washinctou  for  each  month  from  November  1,  1870,  to 
May,  1881,  and  actusl  precipitation  from  November,  1881,  to  May,  1882. 

M.  D.  Youngman,  M.  D.,  Atlantic  City,  N.  J.,  furnished  June  5,  1882,  with  a  state- 
ment showing  means  of  barometer,  temperature,  rainfall,  and  total  movement  of  wind 
at  Atlantic  City,  Bamegat,  Cape  May,  and  Long  Branch,  N.  J.,  Boston,  Mass.,  Charles- 
ton, S.  C,  Chicago,  DL,  Cleveland,  Ohio,  Jacksonville,  Fla.,  New  York  City,  Nashville, 
Tenn.^  New  Orleans,  La.,  Saint  Louis,  Mo.,  Savannah,  Ga.,  Wilmington,  N.  C,  Phila- 
delphia, Pa.,  and  Washington,  D.  C. 

Mr.  J.  W.  Powell,  Director,  Oeological  Survey,  Washington,  D.  C,  furnished  June  6, 
1882,  with  a  statement  showing  barometer,  temperature,  ana  humidity  at  Santa  F^,. 
N.  Mez.,  from  August  1  to  October  3,  1881. 

The  Graphic  Company,  Mr.  P.  Girard,  editor.  New  York  City,  furnished  June  10, 
1882,  with  a  statement  showing  mean  temperature  at  Chicago,  Cincinnati,  New  York, 
Saint  Louis,  and  Saint  Paul,  for  the  month  of  May,  1880, 1881,  and  1882. 

Mr.  W.  C.  Williamson,  46  Court  street,  Boston,  Mass.,  furnished  June  12, 1882,  with 
a  statement  showing  temi>erftture,  direction  and  velocity  of  wind,  clouds,  rainfall, 
and  state  of  weather  at  Thatcher's  Island,  Mass..  May  9,  1882. 

Mr.  Chas.  P.  DiUaway,  Rozbury,  Mass.,  fiimisned  June  14, 1882,  with  a  statement 
showing  temperature  at  Atlantic  City,  N.  J.,  and  Norfolk,  Va.,  at  7  and  11  a.  m.,  and 
3  p.  m.  from  March  1  to  May  1,  1882. 

Mr.  Chas.  A.  Elliott,  408  Fifui  street  northwest,  Washington,  D.  C,  furnished  June 
14,  1882,  with  a  statement  showing  temperature  at  Washington  from  October  7  to  15, 
1877,  and  from  March  20  to  April  12, 1878. 

Mr.  W.  H.  Shollman,  office  of  Fuller  &  Fuller,  20  to  28  Market  street,  Chicago,  111., 
furnished  June  14,  1882,  with  a  statement  showing  mean  temperature  and  amount  of 
rainfall  at  stations  in  Dakota  fh>m  commencement  of  observations  to  May  31,  1882. 

Mr.  G«orge  E.  Walton,  224  Laurel  street,  Cincinnati,  Ohio,  furnished  June  15, 1882, 
with  a  statement  showing  mean  relative  humidity  at  Saint  Paul,  Minn.,  and  San  An- 
tonio, Tex.,  at  the  three  telegraphic  observations  for  each  month  of  the  years  1877, 
1879, 1880,  and  1881. 

Sergeant  N.  B.  Conger,  Signal  Corps,  U;  S.  Army,  Duluth,  Minn.,  fiimished  (tbr 
attorneys  at  above-named  place)  with  a  statement  showing  direction  and  velocity  of 
wind  and  state  of  weather  at  Duluth,  Minn.,  at  6  and  10  a.  m.  and  10  p.  m.  for  each 
day  from  May  1  to  December  31,  1881,  duly  authenticated  under  the  seal  of  the  War 
Department. 

Mr.  J.  W.  Sneed,  attomey-at-law,  Knozville.  Tenn.,  furnished  June  21,  1882,  with  a 
copy  of  the  original  record  of  observations  taken  at  Washington,  D.  C,  on  August  7, 
1880,  duly  authenticated  under  the  seal  of  the  War  Department. 

Mr.  George S.  Hale,  39  Court  street,  Boston,  Mass.,  nirnished  June  23,  1882.  with  a 
statement  showing  average  precipitation  at  Eastport  and  Portland,  Me.,  for  each 
month  from  April  to  September,  inclusive. 

Mr.  G.  R.  Talcott,  superintendent,  C.  C.  and  A.  R.  R.,  Columbia.  S.  C,  furnished  June 
24, 1882,  with  a  statement  showing  the  amount  of  rainfall  ana  state  of  weather  at 
each  observation  taken  at  Charlotte,  N.  C,  on  January  24  to  28,  1881,  duly  authen- 
ticated under  the  seal- of  the  War  Department. 

Managing  editor,  Galveston  News,  Galveston,  Tex.,  furnished  June  24, 1882,  with  a 
statement  showing  the  mean  annual  rainfall  at  Brackettville,  Brownsville,  Castro- 
ville,  Concho,  Corsicana,  Decatur,  Denison,  Eagle  Pass,  El  Paso,  Fort  Davis,  Fort ' 
Elliott.  Fort  Griffin,  Fort  McKavett,  Fredericksburg,  Galveston,  Indianola,  Jacks- 
borough,  Laredo,  Mason,  Rio  Grande  City,  San  Antonio,  Stockton,  Uvalde,  and 
Shreveport. 

Mr.  Lewis  S.  Ware,  editor.  The  Sugar  Beet,  810  Walnut  street,  Philadelphia,  Pa., 
famished  June  24, 1882,  with  a  statement  showing  the  mean  temperature,  rainfall, 
number  of  days  on  which  rain  or  snow  fell  at  Delaware  Breakwater  and  Dover,  Del., 
for  April,  May,  June,  July,  August,  September,  and  October,  1880  and  1881. 

Sergeant  N.  B.  Conner,  Signal  Corps,  U.  S.  Army,  Duluth,  Minn,  (for  United  States 
attorney  at  Saint  Paul),  furnished,  June  27, 1882,  with  a  statement  showing  the  tem- 

Seratare  at  7  and  11  a. m.,  7,  3,  and  11  p.m.,  on  November  3  to  16,  1881,  at  Duluth, 
[inn.,  duly  authenticated  under  the  seal  of  the  War  Department. 
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Mesars.  J.  C.  Dod^o  d&  Sons,  85  Milk  street,  Boston,  Mass.,  furnished,  June  29, 1882, 
with  a  copy  of  original  record  of  observation  (excepting  barometer),  taken  at  Boston, 
Mass.,  on  October  15, 1881,  duly  authenticated  under  the  seal  of  the  War  Department. 

Mai.  C.  B.  Comstock,  Corps  of  Engineers.  XJ.  S.  Army,  Detroit^  Mich.,  furnished 
weekly,  during  the  year,  with  a  report  of  tne  stage  of  water  in  rirer  at  the  follow- 
ing stations : — 


BEGULAK  STATIONS. 

SPECIAL  STATIONS. 

Cairo,  HI. 

Boonville,  Mo. 

Cincinnati,  Ohio. 

Brunswick,  Mo. 

Davenport,  Iowa. 

Evansville,  Ind. 

Dubuque,  Iowa. 
Keokuk,  Iowa. 

Helena,  Ark. 

Hermann,  Mo. 

La  Crosse,  Wis. 

Jefferson  City,  Mo. 

Leavenworth,  Kans. 

Kansas  City,  Mo. 

Louisville,  Ky. 

LeClaire,  lows. 

Memphis,  Tenn. 

Lexington,  Mo. 
Little  Rock,  Ark. 

New  Orleans,  La. 

Omaha,  Nebr. 

Marietta,  Ohio.                  ^ 

Pittsburg,  Pa. 

Paducah,  Ky. 

Shreveport,  La. 

Plaitsmouth,  Nebr. 

Saint  Louis,  Mo. 

Saint  Joseph,  Mo. 

Saint  Paul,  Minn, 

Warsaw,  III. 

Yicksburg,  Miss. 

Ynnkton,  Dak. 

Mr.  J.  H.  Turner,  editor,  Western  Fanners'  Almanac,  Louisville,  Ky.,  furnished 
monthly  during  the  year  with  a  report  of  the  daily  mean,  and  the  daily  maximum 
ftnd  minimum  temperature ;  daily  mean  relative  humidity,  rainfall  in  inches:  total 
movement  of  wlna,  and  character  of  day  at  Savannah,  Ga. ;  Cleveland  and  Toledo, 
Ohio ;  Shreveport  and  New  Orleans,  La. ;  Montgomery,  Ala. ;  Saint  Paul,  Minn. ;  Salt 
Lake  Citv ;  Omaha,  Nebr. ;  Nashville  and  Memphis,  Tenn.. ;  Milwaukee,  Wis. ;  Mar- 

Suette,  Mich. ;  Galveston,  and  Fort  Elliott,  Tex. ;  Fort  Benton,  Mont. ;  Louisville, 
[y, ;  Chica^,  111. ;  Denver,  Colo. :  and  Bismarck,  Dak. 

Engineer  in  charge,  Port  Eads,  South  Pass,  La.,  furnished  weekly  during  the  year 
with  a  report  of  the  stase  of  water  in  river  at  the  follow  inff  stations:  Cairo,  HL; 
Cincinnati,  tt^o;  KeokiUE,  Iowa;  Leavenworth,  Kans.;  Littte  Rock,  Ark.;  Ixmis- 
ville. Ky. ;  iShville,  Tenn.;  New  Orleans,  La.;  Pittsburg,  Pa.;  Saint  Louis, Mo.; 
Shreveport,  H.:  Vicksburg,  Miss. ;  and  Yankton,  Dak. 

Capt.  A.  Mackenzie,  Corps  of  Engineers,  United  States  Army,  Rock  Island,  HL, 
furnished  w^kkly  during  the  year  with  a  report  of  the  stage  of  water  in  river  at  the 
following  st^ons:  Dubuque,  Iowa;  La  Crosse,  Wis.;  Saint  Louis,  Mo.;  Saint  Paul, 
Minn. 

The  cotton  exchanges  at  Nashville,  Tenn. ;  Saint  Louis,  Mo. ;  Memphis,  Tenn.,  and 
Boston,  Mass.,  famished  each,  every  week  during  the  year,  with  a  report  of  the  daily 
rainfall  and  a  total  for  the  week  from  the  following  stations :  Atlanta,  Ga. ;  Augusta, 
Ckfc.;  Baltimore,  Md. ;  Cedar  Keys,  Fla.;  Charleston,  S.  C;  Cincinnati,  Ohio;  Cor- 
sicana,  Tex. ;  Denison,  Tex. ;  Fort  Gibson,  Ind.  T. ;  Galveston,  Tex. ;  Indianola,  Tex. ; 
Jacksonville,  Fla. ;  Knoxville,  Tenn. ;  Little  Rock,  Ark. ;  Louisville,  Ky. ;  Lynch- 
burg, Va. ;  Memphis,  Tenn. ;  Mobile,  Ala. ;  Montgomery,  Ala. ;  Nashville,  Tenn. ; 
New  Orleans,  La. ;  Norfolk,  Va. ;  San  Antonio,  Tex. ;  Savannah,  Ga. ;  Shreveport,  La. ; 
Vicksburg,  Miss.,  and  Wilmington,  N.  C. 

Messrs.  W.  B.  Dana  Sc  Co.,  79  and  81  William  street.  New  York  City,  furnished, 
monthly  during  the  year,  with  a  report  of  the  mean  temperature,  total  rainfall,  and 
Anything  that  will  affect  the  crops,  such  as  drought,  &c.,  from  the  following  stations: 
Augusta,  Ga. ;  Cedar  Keys,  Fla.;  Charleston,  S.  C;  Galveston,  Tex.;  Indianola, 
Tex.;  Jacksonville,  Fla.;  Memphis,  Tenn.;  Mobile,  Ala.;  Montgomery,  Ala.;  Nash- 
ville, Tenn.;  New  Orleans,  La.;  Norfolk.  Va.;  Savannah,  Ga. ;  Shreveport,  La.; 
Vicksburg,  Miss. ;  Wilmington,  N.  C. ;  Charlotte,  N.  C. ;  Decatur,  Tex. ;  Denison,  Tex. ; 
Kitty  hawk,  N:  C. ;  Portsmouth,  N.  C. ;  Palestine,  Tex.,  and  San  Antonio,  Tex. 

Prof.  Chas.  Carpmael,  Toronto,  Canada,  furnished  monthly,  during  the  year,  with 
a  report  of  barometric  and  thermometric  means  deducted  from  the  three  telegraphic 
observations  (7  a.  m.,  3  p.  m.,  and  11  p.  m.,  Washington  time),  from  all  stations  which 
take  those  observations. 

The  observers  at  the  following  stations — Atlanta,  Ga. ;  Augusta,  Ga. ;  Baltimore, 
Md; ;  Charleston,  S.  C. ;  Cincinnati,  Ohio ;  Denison,  Tex. ;  Galveston,  Tex. ;  India- 
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nolAy  Tex. }  JaoksonTille,  Fla. ;  Knoxville,  Tenn. ;  Little  Roek;  Ark. :  Loaisrille,  Ky . ; 
Lynohboxgy  Va. ;  Mempms,  Tezrn j  Mobile,  Ala. ;  Montgomery,  Ala. ;  Nashville.  Tenn. ; 
New  Orleans,  La. :  New  York  City ;  Norfolk,  Va. ;  Pensacola,  Fla. ;  San  Antonio, 
Tex. ;  Savannab,  Ga. ;  Sbreveport,  La. ;  Vicksbnrg,  Miss.,  and  WilmiDffton,  N.  C. — 
famished  weekly,  doling  the  year,  with  a  report  of  the  average  rainfall  in  distriots 
of  the  cotton  belt. 

The  secretary  of  the  National  Board  of  Health,  Washington,  D.  C. ,  furnished  weekly 
daring  the  year  with  the  average  rainfall  in  the  districts  of  the  ootton-belt. 

Mr.  John  F.  Wheless,  Cotton  Exchange, Nashville, Tenn., Commercial  Bnlletin,  Bos- 
ton, Mass.,  and  Mr.  C.  W.  Simmens,  secretary  and  treasurer  Cotton  Exchange,  Saint 
Louis,  Mo.,  famished  weekly  daring  the  year  with  the  average  rainfall  in  the  districts 
of  the  cotton-belt. 

Health  officer  of  the  District  of  Columbia  furnished  with  a  daily  report  of  the  tri- 
daily  observations,  daily  ineans,  and  dailv  maximum  and  minimum  temperatures  for 
Wauiington  City;  also  a  copy  of  Form  il3  A  (monthly  meteorological  report), each 
month. 
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War  Departmbnt, 
Office  of  the  Chief  Signal  Officer, 
Waahington^D.  C,  August  28, 18H3. 

The  Chief  Sional  Officer  of  the  Ajuct,  Waskhigtonf  D.  C. 

Sir:  I  bave  the  honor  to  submit  the  foUowiog  report  of  the  work  accomplished  in 
the  teleeraph  division  in  connection  with  the  system  of  cotton-b^lt  reports  for  the 
year  ending  Jane  30, 1882. 

This  service  was  not  commenced  practically  nntil  September,  1881,  and  continued 
until  November  1, 1881 .  It  was  inaugurated  at  the  earnest  solicitation  of  many  promi- 
nent citizens,  especially  cotton-growers,  and  others  interested,  and  with  the  co-oper- 
ation of  railroad  and  telegraph  officials  of  the  southenu  states.  A  number  of  sta- 
tions were  selected  and  the  agents  or  telegraph  operators  instructed  by  experienced 
men  of  the  Signal  Service  in  the  takine  and  sending  of  observations  of  rainfall  and 
mazimnm  and  minimum  temperatures.  These  duties  were  performed  by  the  observers 
cratuitously,  and  the  rei>orts  sent  over  the  wires  of  the  different  railroad  companies 
uee  of  charge. 

Reports  were  continued  in  1  ^81  daring  September  and  O'^tober.  In  the  former  month 
83  stations  were  in  operation,  but  this  number  was  increased  daring  the  latter  to  103 
stations,  inclading  the  snbcentres. 

Owing  to  the  short  time  that  this  system  was  pnt  into  active  operation,  to  the  in- 
experience of  the  observers  upon  whom  this  duty  devolved,  in  audition  to  the  fact 
that  agents  and  operators  were  doing  their  work  withoat  compensation,  satisfactory 
reeults  could  hardly  be  expected.  Yet  they  were  such  as  to  encourage  this  office  to 
begin  the  system  anew  by  the  Ist  of  April  of  the  present  year,  with  a  view  to  correct 
and  overcome  the  difflcultiee  encounter^  in  the  establishment  of  that  service  during 
its  short  period.  In  this  connection  the  following  extracts  from  the  ninth  annual  re- 
port of  the  presidents  and  directors  of  the  Savannah  Cotton  Exchange  may  be  of  in- 
terest:— 

"A  request  fh)m  the  Chief  Signal  Officer,  asking  co-operation  in  the  matter  of  es- 
tablishing new  signal  stations  in  the  cotton-growiu j;  section,  was  referred  with  the 
■trongeet  indorsement  this  Board  coald  give,  recognizing  the  importance  of  the  same 
to  the  managers  of  railroads  centering  here ;  and  it  is  our  pleasure  to  report  that  the 
officers  of  those  lines  have  responded  in  rendering  the  necessary  assistance  for  aecom- 
plishinjc  the  desired  object.  The  result  has  been  the  establishment  of  stations  at  Mil- 
ien,  Gnffin,  Davisborough,  Waycross,  Bainbridge,  Macon,  Enfanla,  Columbus,  Jesap, 
Live  Oak,  and  Albany — ^the  district  tributary  totbe  signi^  office  at  Savannah — ^from 
which  reports  are  received  daily  of  rainfall  and  temperature  daring  a  certain  period 
of  the  year,  the  government  furnishing  the  necessary  outfit  and  the  railroad  agents 
performing  the  service  of  taking  observations  and  making  the  reports.  These  reports 
are  posted  daily  in  the  Exchange,  and  are  of  much  importance  and  value. 

•  •••••  • 

''The  special  cotton-belt  service  of  the  Signal  Bureau  for  famishing  average  rain- 
falls and  mean  temperatures  throughout  this  region  has  been  in  operation  for  one 
mouthy  viz,  October.  Its  purpose  is  to  furnish  such  data  from  April  1  to  October  31, 
inclusive. 

"While  the  short  period  in  which  it  has  been  in  operation  has  hardly  .been  of  suffi- 
ci(*nt  length  to  demonstrate  its  full  value  to  the  cotton  interest,  yet  enough  has  been 
shown  to  prove  without  a  doubt  that  this  work  of  the  Signal  Service  will  be  a  most 
important  addition  to  its  other  regular  reports. 

*'  It  is  recommended  that  the  Exchange  adopt  resolutions  approving  its  workings 
and  encouraging  its  continuation  in  its  next  season. 

"This  work,  m  this  section,  is  done  by  the  cooperation  of  the  railways  leading  to 
Savannah,  and  we  would  mention  in  this  connection  that  the  Savannah,  Florida,  and 
Western  Railway  have  in  particular  responded  most  cheerfully  in  this  matter,  and 
met  the  service  half  way  at  all  times  in  its  endeavors  to  obtain  regular,  accurate,  and 
prompt  reports. 

**  Respectfully, 

"C.  M.  HOLST, 
"  Chairman  of  the  Meteorological  Committee,** 
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The  following  is  substantially  the  resalt  of  the  cotton-belt  work  in  1881 : — 

1st.  That  80.7  per  cent,  of  iK>isible  reports  were  received  at  the  subcentres  from 
stations. 

!ijd.  Of  these  reports  so  received  83.2  per  cent,  were  received  at  the  subcentres  the 
day  observations  were  taken;  16.8  per  cent. "were  received  the  next  day. 

3d.  7^  07™  p.  m.  was  the  average  time  of  receipt  at  subcentres  tne  same  day; 
9^^  '27°^.  a.  m.  was  the  average  time  of  those  arriving  the  next  morning. 

4th.  As  great  an  average  percentage  of  Sunday  reports  was  received  at  subcentres 
from  stations  as  of  week-day  reports. 

5th.  81.1  per  cent,  of  all  possible  reports  were  sent  from  subcentres  to  main  cen- 
tres (exclusive  of  Saint  Louis,  which  sent  none). 

6th.  7*^  51™  p.  m.  was  the  average  time  of  sending  said  reports. 

7th.  74.53  per  cent,  of  all  possible  reports  were  sent  from  main  centres  to  subcen- 
tres. 

8th.  The  average  time  of  receipt  of  these  reports  from  main  centres  Was  lO**  30™  p. 
mv  of  the  day  of  making  the  observations,  or  8^  51™  a.  m.  of  the  next  day. 

9th.  6.6  per  cent,  of  the  total  number  of  reports  received  came  to  subcentres  by 
mail  only. 

After  the  completion  of  all  preliminary  arrangements,  this  cotton-belt  service  was 
renewed  in  1882,  to  be  in  operation  from  April  1  to  November  1,  1882. 

From  experiences  gained  during  1881,  the  following  principal  changes  were  made 
in  perfecting  the  system,  and  avoiding  the  difficulties  encountered :~ 

Ist.  The  agents  are  to  receive  25  cents  for  each  observation  promptly  taken  and 
transmitted. 

2d.  The  change  in  time  of  taking  observations  from  6  f  o  5  p.  m. 

3d.  The  discontinuance  of  the  interchange  of  reports  and  the  adoption  of  placing 
them  on  the  circuit  at  11  p.  m.  This  change  greatly  reduced  the  expense  for  tele- 
graph work,  and  insured  the  prompt  transmission  of  reports.  It  was  adopted  at  the 
suggest  iou  of  Sergeant  Albreciit. 

4th.  The  discontinuance  of  the  Saint  Louis  district. 

The  changes  were  made  from  experience  of  signal  observers  in  the  cotton-belt  and 
with  the  consultation  of  railroad  officials,  cotton  exchanges,  and  others  interested. 

Reports  were  promptly  commenced  on  the  first  of  April  last,  except  in  a  few  in- 
stances, notably  that  of  the  New  Orleans  district.  This  district  was  suffering  during 
that  month  from  destructive  floods ;  in  consequence,  mostly  all  the  telegraph  lines 
were  down,  and  but  a  few  reports  could  be  received.  The  observers,  however, 
claim  to  have  taken  mostly  all  the  observations,  and  to  have  fulfilled  their  obliga- 
tion«  to  the  government.  In  the  following  table,  showing  the  cotton-belt  reports 
received  at  the  district  centres,  therefore,  the  reports  of  the  New  Orleans  district  for 
the  month  of  April,  1882,  are  not  included : — 

Report  of  the  ootton-helt  work  for  the  months  of  April,  May,  and  June,  1882. 


Districts  and  centres. 


Bavuinah  ... 
Charleston.. 
Wilmington 
Aagusta  — 

Atlanta 

Montgomery 

Mobile 

New  Orleans 
Galveston  .. 
Little  Bock, 
y ickabarg  . . 
Memphis  ... 

Snms . 


is 

•s  * 

it 

o-S'S 

TS  — »^ 


16 

8 

9 

10 

10 

12 

8 

16 

20 

14 

5 

16 


13 
7 
8 
9 
9 
11 
7 

13 
19 
13 
4 
15 


144 


123 


1,170 
592 
728 
819 
819 

1,001 
637 
778 

1.662 

1.142 
364 

1.865 


!  .^ 


11,077 


1.135 
578 
681 
815 
774 
957 
621 
624 

1.515 
928 
851 

1,848 


I 


P4 


11 


97.0 
96.8 
93.5 
99.5 
94.5 
95.6 
97.5 
80.2 
91.2 
80.8 
96.4 
98.8 


10, 317 


S3.5 


i. 
lit 


P.M. 
5.40 
&10 
5.45 
&30 
8.90 
&30 
5.30 
6.00 
6.00 
5.90 
5.30 
5.40 


5.35 


In  the  New  Orleans  district  no  reports  were  received  from  Coushatta  and  Minden, 
they  having  no  telegraphic  connection. 
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From  the  above  table  it  is  seen  that  93.5  per  cent,  of  poBsible  reports  were  received 
at  the  district  centres,  and  that  these  reports  arrived  generally  at  5.35  p.  m.,  giving 
the  Sifipal  Service  observer  ample  time  to  prepare  the  district  mean  before  placing 
it  on  tiie  circuit.  '  With  the  exception  of  a  few  isolated  cases,  all  reports  were  received 
on  the  same  day  the  observation  was  taken.  While  6.5  per  cent,  of  the  reports  were 
not  received  at  the  centres,  yet  the  observers  took  their  observation  in  mostly  every 
instance,  and  tiie  non-transmittal  of  same  was  dne  to  trouble  on  the  telegraph  lines. 
Some  delay  was  also  encountered  where  reports  had  to  be  transferred.  Tms,  how* 
ever,  time  itself  will  remedy  as  the  operators  become  more  familiar  with  the  system 
and  know  what  to  do  with  reports  at  transfer  stations. 

The  following  is  a  list  of  cotton-belt  stations  in  operation  during  1882,  arranged  by 
districts:  k 


Dittxictfl  and  cen* 
tres. 


Stations. 


Whore. 


Sarannah 


\ 


Charkaton 


\ 


Wihnington 


\ 


Angnatft. 


AtlBDta. 


Montgomery. 


Cedar  Keys,  Fla..... 

Feroandina,  Fla 

Waldo.  Fla 

Jeaap,  6a 

Way  Croea.  Ga 

Lire  Oak,  Fla 

Onitman,  (4a 

Thomasville,  6a 

Bainbridge,  Ga 

Albany.  Ga 

SmlthTille,  6a 

Fort  Gaines,  Ga 

HUlen,Ga 

AllapiQia,  Ga 

Eastman,  Ga 

JaGk8on1>oron2h,  S.  C  — 

Yemassee,  8.  C 

Hard6eTmf^8.C 

St.  Georges,  S.  C 

BranchTille,  S.  C 

Saint  Matthews,  8.  C 

Kmgstree,  8.  C 

WeMon,N.C 

GoldsboTon^,  N.  C 

Lnmberton,  il.  C 

Wadesboronsh,  N.  C 

Charlotte,  N.C 

Salisbory,  N.  C 

Cheiaw,  S.C 

Florence,  aC 

Chester,  S.C 

Columbia,  8.C 

Allendale,  8.  C 

Maoon,  Ga 

Colombns,  Ga 

Athens,  Ga , 

Covington,  Ga 

Madison,  Ga. 

Union  Point,  Ga 

Xewman.  Ga 

West  Point,  Ga 

Gainesville,  6a ) 

Tooooa,6a #... 

Spartansbnrgh,  S.  C 

Cartenville,  6a , 

Calhoun,  6a 

Dalton,  6a , 

Griffin,  Ga 

Opellka.AU 

Troy,  Ala 

Greenville,  Ala 

Fine  Apple,  Ala 

Uniontown,  Ala 

Demopolis,  Ala , 

Tuscaloosa,  Ala 

Selma,  Ala 

Birmincham,  Ala , 

Caloa,  Ala 

Ttaladega,  Ala 


On  what  railroad. 


\ 


Mobile. 


State  Line,  Ala 

Wavnesborongh,  Miss 

Meridian,  Miss 

Maoon.  Miss 

Columbos,  Miss 

Aberdeen,  Miss 

Okolona,  Miss 


Atlantic,  Gul^  and  West  India  Transit  These 
reports  are  concentrated  at  Cedar  Keys  and. 
telegraphed  to  Savannah,  Q9l 


Savannah,  Florida,  and  Weatem. 


Sonthwestem. 

Central  of  6eorgia. 
Brnnawiok  and  Albany. 
U  aeon  apd  Bnmawiok. 

Charleston  snd  Savannah. 


South  Carolina. 

NortheastenL 
Wilmington  and  Weldon. 

Carolina  CentraL 

Richmond  and  Danville  Line. 
Cheraw  and  Darlington. 
Wilmington,  CohunDia^  and  Aagusta. 

Charlotte,  Columbia,  and  Augusta. 

Port  Royal  and  Augusta. 

6eorgia. 

Southwestern. 

Georgia. 

Atlanta  and  West  Point 
Richmond  and  Danville  Line. 

western  and  Atlantio. 

Central  of  Georgia. 
Weatem  of  AUStmm, 
Mobile  and  Girard. 
Mobile  and  Montgomery. 
Pensacola  and  Seuna. 

Alabama  CentraL 

Alabama  Great  Southern. 

Louisville  and  Kashville. 

Selma  Division,  East  Teaneasee,  "^^rginiai 
Georgia. 


Mobile  and  Ohio. 
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Diitricti  and  cen- 
tres. 


New  Orleans. 


GftlTeston 


Little'^Sock. 


Vicksbnrg. 


Memphis 


Stations. 


Whero. 


J 


Scranton,  Miss 

Pass  Christian,  Miss 

BrookbaTcn,  Miss 

Amite  City,  La 

Terre  Bonne,  La , 

Morgan  City,  La 

Franklin.  La 

New  Iborla,  La 

YermiUionville,  La 

Whlteville,  La 

Cheneyville,  La 

Alexandriiv,  La 

Natchitoclics,  La 

Conshatta,  La , 

Minden,  La 

Orange,  Tex ... 

Beaumont,  Tex 

Soar  Lake,  Tex 

Houston,  Tex    

Hempstead,  Tex 

Hearne,  Tex 

Corsicana,  Tex 

Waco,  Tex 

Dallas,  Tex  

Huntsrille,  Tex 

Palestine,  Tex 

Longviow,  Tex J- 

Tjier,  Tex 

Austin,  Tex , 

Belton,  Tex 

Weimar,  Tex  ) 

Luling,  xex > 

San  Antonio,  Tex ) 

Weatherfoid,  Tex 

Paris,  Tex 

Texarkana,  Ark 

Prescott^  Ark 

Malvern  Junction,  Ark.. 

Kensett,  Ark 

Walnut  Ridge,  Ark 

Brlnkley,  Ark 

MaJIson,  Ark 

De  Tail's  Bluit  Ark 

RusseUville,  Ark  

Fort  Smith,  Ark 

Arkansas  City,  Ark ...,. 

Monticello,  Ark 

Edwards,  Miss 

Jackson,  Miss 

Lake,  Miss 

Monroe,  La 

Grand  j  unction,  Tenn . . . 

Corinth,  Miss 

Tnscumbia.  Ala 

Decatur,  Ala 

Scottsborough,  Ala 

Withe,  Tenn 

Bro  wnsrille,  Tenn 

Milan,  Tenn 

Paris.  Tenn 

Erin,  Tenn , 

ChtfksTiUe,  Tenn  

Kashville,  Tenn 

Hernando,  Miss 

BatesTille,  Miss 

Grenada,  Miss  t 


On  what  railroad. 


Looisyillo  and  Nashrille. 

Chicago,  Saint  Louis,  and  Kew  Orleans. 

Morgan's,  Louisiana  and  Texas. 


Merchants'  Union  Telegraph  Line,  oonneotlnc 
with  Western  Union  lines  at  Minden. 


Texas  and  New  Orleans. 


Houston  and  Texas  Central 


International  and  Groat  Northern. 

Gulf,  Colorado,  and  Santa  F6. 

GalTcston,  Harrisburg,  and  San  Antonio. 

Texas  and  Pacific. 
Texas  and  Paodflc 

Saint  Louis,  Iron  MountAln,  and  Southern. 

Memphis  and  Little  Bock. 

Little  Bock  and  Fort  Smith. 

Little  Bock,  Mississippi  BlTer,  and  Texas. 

Ticksburg  and  Meridian. 
Tioksburg,  ShreToport,  and  Paoifla 

Memphis  and  Charleston. 


Lo^Tille  and  Nashville. 

NashTille,  Chattanooga,  and  Saint  Louis. 
Mississippi  and  Tennessee. 


A  new  station  will  be  added  to  the  Galveston  district  shortly,  namely,  CnerOj  Tex. 
Orders  hare  already  been  given  for  its  establishment. 

Great  advantages  have  l^n  derived  from  the  system  of  sending  the  ootton-beli  dis- 
trict means  over  circuits,  for  thus  not  only  the  district  centres,  but  also  other  cities,  as 
Charlotte,  N.  C,  Chattanooga,  Tenn.,  Cincinnati,  Ohio,  Louisville  Ky.,  Nashville, 
Tenn.,  Norfolk,  va.,  Pensaoola,  Fla.,  and  Washington,  D.  C,  received  these  reports. 
Other  stations  not  on  the  circuits,  bat  interested  in  cotton,  as  New  York,  Baltimore, 
and  Saint  Louis,  received  these  reports  by  special  message.  Thus  these  data  are  pab- 
lished  the  next  day  in  the  principal  cities  oi  the  United  States  engaged  in  the  ootton 
trade. 

Much  credit  is  due  to  the  railroad  officials  in  the  rapid  development  of  this  service. 
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They  not  only  libeially  assisted  by  grantinff  passes  to  Signal  Servioe  obsenrers  for  the 
establishment  of  stations  and  instrnotion  of  agents,  but  some  also  held  their  agents 
to  striet  account  in  the  taking  of  observations. 

The  Mobile  and  Ohio  Railroad  has  started  a  frost  service  of  its  own.  When  frost 
occurs  at  the  stations  on  their  road  the  agents  telegraph  the  fact  to  the  observer  at 
Mobile,  who  bulletins  the  information  at  once. 

Cotton  exchanges  have  also  evidenced  a  great  interest  in  this  servioe  since  its  re- 
newal in  1882.  All  the  cotton  exchanges 4ukve  at  their  own  expense  erected  a  black- 
board, 4  by  3  feet,  in  their  rooms,  on  which  the  means  are  bulletined  and  can  at  a 
glance  be  seen  by  any  one.  This  plan  was  recommended  by  Sergeant  Wright,  at  Au- 
gusta. 

The  postal-card  system  has  been  kept  up  by  all  stations  in  so  fiir  as  the  reporting 
of  the  observations  to  this  office  concerns.  These  cards  have  proven  valuable  ana 
have  given  some  desirable  data,  which  are  published  regularly  in  the  monthly  Weather 
Review.  The  appreciation  of  the  data  tnus  utilized  is  evident  when  even  foreign 
countries  perceive  their  value.  Thus  Mr.  Amer  Hoords,  of  Lake  of  Harlem,  Nether- 
lands, in  bis  letter  of  July  18,  1882,  informed  this  office  that  he  translated  the  cot- 
ton-belt  data  and  had  them  published  in  the  Handelsblad  of  Amsterdam,  causing 
unusual  interest  among  cotton  merchants. 

Inclosed  is  a  map  showing  the  location  of  the  several  stations  with  respect  to  dis- 
trict centres.  This  number  will  be  increased,  as  emergency  demands,  in  the  course  of 
time,  and  it  is  expected  that  thi/service  will  become  one  of  the  most  important  features 
of  the  Signal  Service  if  its  present  development  can  be  taken  as  a  criterion .  The  press 
has  been  commenting  on  it  favorably,  cotton  exchanges  deem  it  a  necessity,  yes,  even 
undergo  expenses  for  its  maintenance,  and  railroad  ^cials  begin  to  see  that  the  data 
collected  by  their  agents  are  of  value  to  them,  so  much  so  that  some  have  compelled 
their  affents  to  take  observations  throughout  the  year.  Under  such  &vorable  aus- 
pices it  Is  hoped  that  the  Signal  Service  will  greatly  increase  its  efficiency  and  useflil- 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

JAMES  ALLEN, 
F%r$i  LieutenaiU,  Third  Cavdlrg,  A.  A  0.  and  Auk 
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I 


IMof  miUtary po9ia  from  wkieh  meieorologioal  reports  have  heen  received  iMnthJy  at  the 
Ofiiee  of  the  Chief  Signal  Officer  during  the  year  ending  Jwne  30, 1882. 


Post. 


Abraham  Lincoln,  Fort 

Adams,  Fort A . ., 

Aleatrax  Island 

Angel  Island 

Apache,  Fort 

Aasinniboine,  Fort 

Barranoaa,  Fort 

Ben&eia  Barracks 

Brady,  Fort 

Bidwoll,Fort 

Bowie,  Fort 

Brown,  Fort  ........••.■ 

Bofoxd,  Fort 

Bridffer,Fort  .......... 

Brooke,  Fort 

Canby.Fort 

CitemDn8,Fort 

Concho,  Fort 

Camp  near  Presidio .... 

Davis,  Fort 

Dong]as,Fort 

ElHM,Fort 

Fettermsn,  Fort. ....... 

Fred  Steele,  Fort 

Gariand,  Fort 

Oastnn,  Fort 

Grant,  Fort 

Hale,  Fort 

Hamilton,  Fort 

Jefierson  Barracks 

Keogh,  Fort 

IQamath,  Fort 

Lapwai,  Fort 

Leavenworth,  Fort 

Lowell,  Fort 

Lyon,  Fort. ............ 

Lewis,  Fort 

Madiaon  Barracks 

ICcDemit,  Fort 


State  or  Territory. 


Pest. 


Dakota. 
Rhode  Island. 
Califomia. 

Do. 
Arizona. 
Montana. 
Florida. 
Califoitiia. 
Michigan. 
Califomia. 
Arizona. 

Dakota. 

Wyoming. 

Florida. 

Washlnfcton. 

New  York. 

Texas. 

Do. 

Do. 
Utah. 
Montana. 
Wyoming. 

Do. 
Colorado. 
California. 
Ariaonik 
Dakota. 
New  York. 
Miasonrl. 
Montana. 
Oregon. 
Idaho. 
Kansas.  • 
Arisona. 
Colorado. 

Do. 
New  York. 
Nevada. 


McDowell.  Fort 

MoHenry.  Fort 

Mq)ave,Fort 

Monroe,  Fort 

Meade,  Fort   

Mcpherson  Barracks  . . . 

Maginnis,  Fort    

Monnt  Vemoii  Barracks 

Niagara,  Fort 

Niobrara,  Fort 

Pembina,  Fort 

Plattsbarg  Barracks . . . . 

Point  San  Joa^ 

Porter,  Fort 

Preble,  Fort 

Presidio 

Pagosa  Springs 

Bandall,  Fort 

Ringgold,  Fort 

Shaw,  Fort 

Sisseton,  Fort 

Snelling,  Fort 

Stevenson,  Fort 

Saint  Angnstine 

Snlly.Fort 

Stevens,  Fort 

Stanton,  Fort 

Totten,  Fort 

Townsend,  Fort 

Union,  Fort 

Verde,  Fort 

Wallace,  Fort 

Warren,  Fort ........... 

West  Point 

Wingate,  Fort 

Washakie.  Fort 

Yates,  Fort 

Ynma,  Fort 


State  or  Territory* 


Aritona. 

Maryland. 

Arisona. 

Virginia 

Dakota. 

Georgia. 

Montana. 

Alabama. 

New  Ytftk. 

Nebraska. 

Dakota. 

New  York. 

California. 

New  York. 

Maine. 

Califomia. 

Colomdu. 

Dakota. 

Texas. 

Montana. 

Dakota. 

Minnesota. 

Dakota. 

Florida. 

Dakota. 

Oregon. 

New  Mexico. 

Dakota. 

Washington. 

New  Mexico. 

Arisona. 

Kansas. 

MassacbaseHSi 

New  York. 

New  Mexico. 

Wyoming. 

Dakota. 

Arisona. 
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List  of  tolnntary  ohiervert  who  have  forwarded  monthly  reports  to  the  Chief  Signal  Officer 

during  the  year  ending  June  30,  1882. 


Name  of  obsezrer. 


Abbott,  Dr.  E.  K 

Adriance,  CharleaE 

Alden,  Lyman  B 

Allan,  W.T 

AflTicultaTal  College  Farm 

AUin,  LnoiasC 

AMen,  Thomaa  £ 

AlUffer.J.M 

Anderaon,  Rev.  John 

Anderson,  W.  N 

Aodrewa,  Lnman 

Ard<>n,  Thomas  B 

Armstitmg,  Rev.  Q.  C 

Anglr,  Oaro  G 

Barringer.  William   

Blancbard,  O.  A 

Bartlett,E.B     .. 

Baker,  D.  W.  C 

Brainerd,  H.  6. 

Beebe,  Levi 

Beans,  Thomas  J 

Breed,  J.E 

Beal,  William 

Bell,  Joseph 

Beall,  Br.  and  Mrs.  B.  S. . . 

BreDdell,  Frederiok 

Boloit  College 

Benedictine  Fathers 

Bently,  David 

Briggs,  John 

Bowman,  Peter 

Boemer,  Prof.  Charles  G  . . 

Blodgett.  Charles 

Blood,  Charles  T 

Boies,  A.H  

Bnllard,  R 

Bnllock,  Thonfiw 

Bryant,  A.  T 

Breedon,  Jacob 

BUke,  D.J 

Bear,  John  P 

Bender,  A.  S.... 

Ballin,  B.  B 

Crane,  6.  W 

Clark.  T.  A 

Cbappellsmith,  John 

Canlkins,  John  S 

Calhonn,  P.  B 

Chandler,  Dr.  W.  I 

Chapin,  Adams 

Cheney,  William 

Crump,  H.  H 

Cooch,  B.  D 

Cornell  University 

Colts  Henry  H 

Crosier,  Adams 

Cntting,  Dr.  Hinun. 

Catler,  J.  L 

Cnrtiss,  George  G 

Cntler,  Rev.  B.  B 

Cotton,  Dr.  D.B 

Collier,  George 

Conch,  E.  J 

Clayton,  H.H 

Dawson,  William 

Davis,  Jacob 


Post-office  address. 


Salinas  City,  Monterey  County 

Hector,  Schuyler  County 

Cold  water.  Branch  County 

Geneseo,  Henry  Conn^ 

New  Brunswick,  Middlesex  County  . . 

Springfield,  Hampden  County 

Rising  Sun,  Ohio  County 

Independence,  Montgomery  Comity . . 

Clarksville,  R«k1  River  County 

Statebnrg,  Sumter  County 

Southington,  Hartford  County 

Garrison's,  Putnam  County 

Fayette,  Jeffrrson  County   

Flemington,  Taylor  County 

Bellefontaine,  Logan  County 

Blmira.  Stark  County 

Vermillion,  Oswego  County 

Austin,  Travis  County 

Independonoe,  Buchanan  County 

South  Lee,  Berkshire  County 

Moorestown.  BnrUngton  County 

Embarrass,  Waupaca  County 

Murphy,  Cherokee  County 

FraxTklin,  Venango  County 

Lenoir,  Caldwell  Uonnty 

Peoria^  Peoria  County 

Beloit,  Rock  County 

Saint  Meinrad,  Spencer  County 

Princeton,  Colusa  County 

Albany,  Linn  County 

Savannah,  Ashland  vDounty 

Vevay,  Switzerland  County 

Howard,  Nemaha  County 

Windsor,  Windsor  County 

Federalsburgh,  Caroline  County 

Litchfield.  Hlllsdaie  Coun^ 

Coalville,  Summit  County 

Clear  Creek,  Saunders  Cx>unty 

Adrian,  Lenawee  County 

Calistoga,  NanaCounty 

Boston,  Snffollc  County 

Sacramento,  Sacramento  County 

Troy,  Rensselaer  County 

Bethel,  Clermoqt  County 

Weldon,  Halifax  Conntv 

New  Harmony,  Posey  County 

Thomville,  Lapeer  County 

Austin,  Wilson  County 

South  Orange,  Essex  County 

Poway,  San  Diego  County 

Minneapolis,  Hennepin  County 

Bowling  Green,  Warren  County 

ContoooookviUe,  Merrimac  County  . . . 

Ithaca,  Tompkins  County 

Nora  Springs,  Floyd  County 

Laconia,  Harrison  County 

Lunenbnrgh,  Essex  County 

Quitman,  Brooks  County 

FaUston,  Harford  County 

Heath,  Franklin  County 

Portsmouth,  Scioto  County 

Topeka,  Shawnee  County 

DMia,  Green  County 

Mnrfreesborough,  Uutherfbrd  County 

Spiceland,  Henry  County 

Rowe,  Franklin  County 


State. 


California. 

New  York. 

Miohigan. 

Illinois. 

New  Jersey. 

Massachusetts. 

Indiana. 

Kansas. 

Texas. 

South  Carolina. 

Connecticut. 

New  York. 

Mississippi. 

West  V&ginia. 

Ohio. 

Illinois. 

New  York. 

Texas. 

Iowa. 

Massachusetts. 

New  Jersey. 

Wisconsin. 

North  Carolina. 

Pennsylvania. 

North  Carolina. 

Illinois. 

Wisconsin. 

Indiana. 

California. 

Oregon. 

Ohio 

Indiana. 

Nebraska. 

Vermont 

Maryland. 

Miohigan. 

Utah. 

Nebraska. 

Miohigan. 

Calitomia. 

Massachusetts. 

California. 

New  York. 

Ohio. 

North  Carolina^ 

Indiana. 

Michigan. 

Tennessee. 

New  Jersey. 

California. 

Minnesota. 

Kentucky. 

New  Hampshire. 

New  York. 

Iowa. 

Indiana. 

Vermont. 

Georgia. 

Maryland. 

Massaohusetta. 

Ohio. 

Kansas. 

Iowa. 

Tennessee. 

Indiana. 

Massachusetts. 


2C2 
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lA$t  ofvoluiUarjf  ohwrven  who  kavefonoarded  tnontkly  reporU,  ^. — Continaed. 


Name  otob&etrvr. 


Daball.  Solon  N 

Day,  Theodore 

Denning,  H.D 

Dickinson,  J.  P 

Doton,  Hoeeft 

Daviea,  MT8.D.D 

Dazey,  J.B     

DewhnrBt,  Rer.  B 

Downs,  SdwardO 

Davis.  Charles  F 

£isenberg,  Jolm  C 

Ellis.  Edwin 

EllioU,  J.C 

Kwing.E.E 

Furqahar,  Allan 

Failyer,  Q.H 

Ferris,  £.  J 

Fernald,  Prof.M.C 

Friend*  Charles  W 

Fortescne,  Joseph 

Fuller,  A,  N ;... 

Fletcher,  RS 

FlominK,  John , 

Frick,  JohnH 

Floyd,  B  

Gray,  F.  R 

Gardiner.  R.  H 

Graihwool,  John 

Green,  H.  A 

G^dAfB?.  Dr.  W.  H 

Green,  Dr.J.C  , 

Gillinffham,  C 

Gilllnjcham,  IC 

Gibhs«  George  J 

Gibson,  E.F. 

Gowey,  H.  D 

GoiTey,  F.H 

Georgeson,  C.  C 

Harper.  George  N 

Hammit,  John  W 

Haworth.  John 

Haywooa,  John 

Harraid  College 

Bering,  C.J 

Helm,  Thomas  B , 

Hilton.  J.T 

Hills,  FrankT 

Hofkkinson,  R.M 

Howard,  8.  A 

Hurlin,  Rev.  WflUam 

Hunter,  T.C  

Hasensick,  C.W 

Hyde,  G.  A.,  and  wife 

HalUJ.B 

Hnnt,G.M 

Heaton,  Isaac  B 

Ingtam,  Dr.  J 

Iowa  Agricaltoral  College. 

Ingersoll,  Prof.  C.  L 

James,  John  W 

Jones,  IraB 

Juni,  Benedict 

Jackson,  C.E 

Josephs,  Wm.  B 

Rancher,  William 

Keeler,  W.F 

Seese,G.P 

KeUogg.  J.H 

Kirkpatrick.  J.  A 

Kimball.  P.R 

Kahne,  F.  W.,  and  son 

KenL  Joseph  C 

Kcibben,B.D 

Laeps,  Misses  C.  and  E 

Learner,  J.  F 

Martin.  Horace 

Marshall,  Gregory 

MoSwaln,  L.  8. 

Maxwell,  Samncl  A 

Meteolf,  JohnG...^ 

Meeban,  Thomas 

MoCraady,  Miss  L 


Post^ffloe  address. 


Olivet,  Hntohinson  County 

Dvborry,  WayneConnV    

Wellsborongh,  Tioga  County 

Gnttenburgh,  Clayton  County 

Woodstock,  Windsor  County 

Forest  Hill,  Jackson  County 

Charleston,  Coles  County 

Dexter,  Penobscot  County 

Alexandria,  Hanson  County 

Fort  Collins,  Larimer  County 

Farminston,  Saint  Francois  County 

Ashlanu,  Ashland  County 

Swanwick,  Perry  County 

Highlands,  Macon  County 

Sandy  Springs,  Montgomery  County 

Manhattan,  Klley  County 

Little  Mountain,  Lake  County 

Orono,  Penobscot  County 

Carson  City,  Ormsby  County 

York  Factory , 

Hermosa,  La  Plata  County 

Watsonville,  Santa  Cruz  County 

Readington,  Hunterdon  County 

Wairenton,  Warren  Countv 

Fayetteville,  Cumberland  County 

Yates  Center,  Woodson  County 

Gardiner,  Kennebec  Cou^ity 

Blooming  Grove,  Pike  County 

Atco,  Camden  County 

A  iken.  Aiken  County 

Westchester,  Chester  County 

Aocotlnk,  Fairfax  County 

Fallsington,  Bucks  County 

Grand  Turk.  Turks  snd  Caicos  Islands 

Louisville.  Clay  County 

North  Lewisburgh,  ChsmiMiign  County 

Milton,  Northumberland  County 

College  Station,  Brazos  County 

Cincinnati,  Hamilton  County 

College  Hill,  Hamilton  County 

Philadelphia,  Philadelphia  County 

Westerville,  Franklin  County 

Cambridge,  Middlesex  County 

Paramaribo,  Colony  of  Surinam,  Dutch  Guiana 

Logansport,  Cass  County 

Paterson,  Passaic  County 

Auburn,  Rockingham  County 

Port  Blakeley.  Kitsap  County   

Gpeensborougn,  Guilford  County 

Antrim,  HiUitborouKh  County 

Wabash,  Wabash  County 

Lincoln,  Lancaster  County 

Cleveland,  Cuyahoga  County 

Worceater,  Worcester  County 

North  Arsryle,  Washington  County 

Fremont,  Dodge  County 

y ineland,  Cumberland  County 

Ames,  Story  County 

La  Fayette,  Tippecanoe  County 

Marengo,  McHenry  County 

Neilsville.  Clark  County 

New  Ulm,  Brown  County 

Columbia,  Richmond  County 

New  Market,  Rockingham  County 

Oregon,  Holt  County 

Mayport,  Duval  County 

Cooperstown,  Otsego  County 

Battle  Creek,  Calhoun  County 

Philadelphia,  Philadelphia  County 

Grafton,  Grafton  County 

Fort  Wayne,  Allen  County 

Phniipsburgh,  Warren  County • 

Saint  Louis,  Saint  Louis  County 

Manitowoc,  Manitowoc  County 

Lincoln,  Lojicasfcer  County 

Coming.  HoltConnty 

Cresco  Howard  County 

Thomasville,  Thomas  County 

Morrison,  Whiteside  County  ..: 

Mendon,  Worcester  County 

Germantown,  Philadelphia  County 

Fort  Madison,  Lee  County 


State. 


Dakota. 
Pennsylvania. 

Do. 
Iowa. 
Vermont. 
North  Carolina. 
Illinois. 
Maine. 
Dakota. 
Colorado. 
Missouri. 
Wisconsin. 
Dlinois. 

North  Carolina. 
Maryland. 
Kansas. 
Ohio. 
Maine. 
Nevada. 

British  America.. 
Colorado. 
California. 
New  Jersey. 
Missouri. 
North  Carolina. 
Kansas. 
Maine. 

Pennsylvania. 
New  JerseT. 
South  Carolina. 
Penns.ylvania. 
Virginia. 
Pennsylvania. 
West  Indies. 
Illinois. 
Ohio. 

Pennsylvania, 
Texas. 
Ohio. 

Do. 
Pennsylvania. 
Ohio. 

Massachusetts. 
South  America. 
Indiana. 
New  Jersey. 
New  Hampshire. 
Washington. 
North  Carolina. 
New  Hampshire. 
Indima. 
Nebraska. 
Ohio. 

Massachusetts. 
New  York. 
Nebraska. 
New  Jersey. 
Iowa. 
Indiana. 
Illinois. 
Wisconsin. 
Minnesota. 
South  Carolina. 
New  Hampdiire. 
Missouri. 
Florida 
New  York. 
Michigan 
Pennsylvania. 
New  Hampshire. 
Indiana. 
New  Jersey. 
MissourL 
Winconsin. 
Nebraska. 
Missouri. 
Iowa. 
G<H>rgia. 
Illinois. 

Massachusetts. 
Peimsylvania. 
Iowa. 
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If  uts  of  obwrreT. 

lIell,P.H.,lr 

HkbUtn    StMe    Bond  of 

BHlth. 
IfcOai  College 

Uorria,  K«t.  John  ...---.-. .^ 
HoDot  SklBt  liuT'i  College. 

Uanlu>B,lLH 

UoTgu,  'WiUiun  J 

If  e(^ncU,  £.  U 

UoDoDDgh  School 

Maeller.'Dr.B 

Uddd.  A.U 

UoLaDUi.BM|t1eC.„ 


Bvm.  Jknw^ .. 
Belu,Ch>rleB.-.. 
8Bel),&C 


8teni,J>oobF 

SerlbnoT,  H.F.J 

SUinEfleld,  W.  W 

SilrarMn.A 

ShriTer.KT 

StariTtrHonrd 

Hnith.  WlUlun  AlUo. . . 
Smith,  S.A 


Smith,  C  J... 


BpilD 


1,  J.J.. 


odd*id,PnrfLO.M 
nekj.  Dt.C.T... 
hooUleld.  KB... 


Bad]Br.H.i 

SUutOD,  J.C 

etnttOD,  TbomM 

Scott,  Robert  J 

Smith.  PklmBr.'. 

SmJtli,B.B 

Sdemicker,  W,B.£ 

Smrell,  TbomM  H 

Smith, y.S 

gveot  Frederick 

Thnll*.  0«rga  R 

TMIook,  Jobs 

Teele,3.B 


PoKtoffioe  ■ddrcH. 


Anbnn.  Lee  Coiuit; 

Liielig,  lo^iMnCoiuity... 


Jobsaodtown,  NorUumptoD  Conoty... 

llorrlaton,  Daiinn  Comit  J 

BnuIlMbanb.  Frederlok  Conoty 

MobUoeUo,  JoDM  Coonty 

Somervilla,  SomHHt  CoDoty 

Hew  Cenle.  Lkvrenoe  Connty 

Owlu'*  Mill*.  BelUmon  CoBDtj 

New  CorydoB.  Jay  Comity 


leCoDDty... 

— „_ County 

Cbwnbenbnri,  FrukUn  Ci 


Owiu'ell 
New  Coryi 

Ypilluitl,  ^uhloiuiw  County . . 

VuiolyHilli,  Kelson  Connty 

'™'~~',bon>iifli,  WoE^BBterCono^-" 
naky,  Bile  Coon^ 
UnioB  County... 

M™,  Fnakl -„  .. 

.  .      fiint  LonlBCoDDty,.. 

Linden.  Union  County 

Fott  Riley,  DitIi  Connty 

Nottbport,  Leelmuiir  County 

AuMln.  Shenoui  County 

Jkckeonbarg,  Batler  Connty 

North  Voln^,  OewBEo  CaantT 

Bote,  Polk  Conoty 

XdoBrtMi, Rook  Connty. 

NorthlMd.  Rk«  ConB% 

FleminsIoB,  Taylor  Coonty 

CatavlHit,  ColDmbla  Connty 

Flniblng,  QoecDB  Connty 


...!  PenDsyliania. 
...I  lIlBBonii. 
..|  New  Jeieey. 


Btnflbtd,  OiUM  Connl, 

WayneflTille,  Bayiraod  CoDOty. 

Franklin,  lluon  County 

Cumberland.  AUegbiny  Connty 
Wjtbevllle.  WvtbeCor-*- 
DoTer,  UoTTia  Coonty. 


MlcUsan. 

New  Jeney. 
California. 
niUtolB. 
UueachDeetla 
New  York. 


West  TirtJula. 
Nebraekn, 

UasMMtauBett*. 

California. 

WaBbhifti^Tfrri 

Nebnaka. 

IffwaohusBtte. 

Tlixluia. 

North  CiTOlina. 


Ne*  Bmnawlck,  Middle*ei  Coun^.. 
HaatlDKa,  Bart;  County 


Ohio. 

Now  jBr» y. 

Ifloh^.  ' 
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List  o/voluntarjf  ohtervara  vho  havt  foruHirded  monikltf  reparU,  ^o. — Continued. 


Name  of  obaerrer. 


TniDibly ,  Dr.  J. B. ......... 

TebbetflL  George  P 

Trowbridge,  David 

Ttttwiler,  H.,  LL.  D 

Torner,  Ernest 

Trueman,  George  S 

Thompson.  S.  &. 

Tumbo,  Silas 

Valente,  Her.  A. X..  &  J.. 
Van  Inwegen.  CbarliBS  F. . , 

Vermillion,  w.  W 

Vita,  Martin 

Vdgeli,  Adolphns 

Vanhekle,  J.  M 

Walton.  J.P 

Wattera,  Dr.  Jamea^ , 


Post-office  address. 


Washington  Aqueduct. 


Weat,  Silas. 

Weymoadi,  James  S. . 

Wird,Ser.K.P 

Wing,  Miss  Minerva E. 

Willu,O.B 

WUliams,  C.Foster.... 


Winnipiseogee  Lake  CotUm 
and  Woolen  Mannfaotnr. 
ing  Company. 


Whittington,  Granville 

Whitney,  C.B 

Williamson.  J.  A 

Wigff,  Dr.  George 

Wolfe.  John  W.. ...... 

Wylie,  WilUam 

Wie,  W.S 

Wesi  Dr.  Joseph  O.... 

Woodroft  Lorn 

Wilson,  W.B 

Worth.  J.  M 

Tetter,  W.G 

Toong,  G«orge  B 

Yonng.  John 

Yates,  T.P 

Zimmiennan,  Irving  B. . 


Oakland,  Alameda  County 

Santa  Barbara,  Santa  Barbara  County. 

Waterburgh,  Tompkins  County 

Green  Springs,  Hale  County 

Point  Pleasant.  Tensas  Parish 

Genoa,  Black  County 

Lincoln,  Lancaster  County 

Protem,  Taney  County 

Woodstock,  Howard  County 

Port  Jervis,  Orange  County 

Curryville.  Pike  County 


Franklin,  Sheboygan  County 


Des  Moines.  Polk  County. 
Philadelphia,  Pbiladelphla  County.. 

Muscatine,  Muscatine  County 

Holton,  Jackson  County 

Beceiving  Beservoir 

Distributing  Beservoir 

Great  Falls 

Bock  Creek 

Cornish.  York  County 

Corpus  Christi.  Nueces  County 

Newport,  Orleans  County 

Charlotte,  Chittenden  County 

White  Plains,  Westchester  Ck>unty. 

Hoffinan,  Maury  County 

Wier's  Bridge,  Belknap  County  .... 

WoUeborough,  Carroll  County 

Woodstock,  Grafton  County 

Lake  Village,  Belknap  County 

Belmon^Belknap  County 

Bristol,  Grafton  County 

Ashland,  Grafton  County 

Mount  Ida,  Mont|N>mery  County... . 

Creswell,  Marion  County 

Johnstown,  Fulton  County 

Clay  Centre,  ClayCounty 

Wellington,  Sumner  Co€nty 

Mount  Forest 

Meadvllle,  Crawford  County 

Princeton.  Worcester  County 

Ssntarem,  Province  Par%  Brasil.... 

Cedar  Banids,  Lincoln  County 

Fayettevflle,  Cumberland  County. . . 

Catawissa,  Columbia  County 

Penn  Yan,  Yates  County 

Piegan,  Choteau  County 

Fat^ryville,  TiogaConnty 

Wicklow,  Lake  County 


SUte. 


California. 

Do. 
New  York. 
Alabama. 
Louisiana. 
Nebraska. 

Do. 
Missouri. 
Maryland. 
New  York. 
MissonrL 
Wisconsin. 
Iowa. 

Pennsylvania. 
Iowa. 
ECansaa. 

District  of  Columbia. 
Maryland.       ^ 

Maine. 
Texas. 
Vermont. 

Do. 
New  York. 
Tennessee. 


New  Hampshire. 


Arkansas. 
Kansas. 
New  York. 


Dow 
Canada. 
Pennsylvania. 
Massachusetts. 
South  America. 
Iowa. 

North  Carolina. 
Pennsylvania. 
New  York. 
Montana. 
New  York. 
Dakota. 


APPENDIX    14. 


LUt  of  places  for  which  ataiions  have  been  requested,  hut  not  established  on  June  30, 1882. 


Place. 


Huron  City,  Hfch. 


Riohmond,  Ya — 
BodyJBla2id,N.C. 


The  Parks  of  Colorado. 
Staten  Island,  N.  Y  . . . . 


Chaml>ersbnrg,  Pa. 
Watertown.  KT.  T . . 


Xenia,  Ohio 

Port  Iiope.  Mich 
Kiles.Mich 


Louisiana,  Mo 

Hot  Springs,  Ark. 
JanesTiUe,  Wis..^ 
Hillsdale,  Mich... 
Metamora,  lU 


Mount  Pleasant,  Pa.    (Mt. 

Pleasant  Academy.) 
Nebraska  City,  Nebr 


Prinoeton,  111 

Mount  MoosUank,  N.  H. 
Cataaauqu%  Pa 


Galena,  HI 

Columbus,  Kebr . . 
Mason  City,  Iowa . 


Orono,  Me.    (State  Agricult- 
ural College.) 
Baliae,  La.,  and  Waco,  Tex.. 

Fort  Bandall,  Bak.. 


Ann  Arbor,  Mich.  (Uniyer- 
sityofMfchigan.) 

Fountain,  Colo 

Vineyard  Haven,  Mass 


Cape  Ann,  Mass 

lova  City,  Iowa.  (State  Uni- 
Tertity.) 


Mai 


■Tanassas. 
Quinoy,  111 


Va. 


Dover  Point,  lir.H 

Wilmington,  Del 

Additional  stations  on  east- 
em  slope. 
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Applicant 


Board  of  Trade,  Toledo 

Board  of  Trade,  Cleveland 

Board  of  Trade,  Detroit 

W.  O.TnrpIn 

Board  of  Trade,  Norfolk ;  and  resolution  of  general 
assembly  of  Virginia. 

E.  J.  Mallett,  late  consul-general 

C.Kentgen,Jr 

C.Kentgen.jr 

Hon.  J.  Scott.  United  States  Senate 

Hon.  Simon  Cameron,  United  States  Senate 

L.L.Pratt 

Common  council,  forwarded  by  mayor 

Fred.D.Hills 

C:E.Case / 

Board  of  Trade.  Detroit 

J.  B.  J^itsgerald,  secretary  Berrien  County  Agri- 
cultural Society. 

W.  SUrk  and  B.  E.  Pleasants 

Hon.A  H.Buckner,  M.C 

J.  H.  Morton,  M.  D 

B.  F.  Kelley,  superintendent 

J.  B.  Whiting,  M.  D.,  and  Bock  County  Agricult- 
ural  Society.  '  * 

Prof.  O.  McMillan,  secretary  of  Hillsdale  College, 
Hillsdale  County  Agrioaltural  Society. 

Edward  Kipp.  secretary  Woodford  County  Agri- 
oaltural Society. 

W.  H.  McCreery,  acting  principal 

H.E.Baymond,  secretary  Otoe  County  Fonnera' 
Club.  •'•'•' 

L.  J.Colton 

Prof.  C.  H.  Hitoboook,  A.F.CIoogh 

Hon.  B.  Mcpherson,  Clerk  United  States  House  of 
Representatives. 

D.  wilmot  Scott,  publisher  Galena  Commercial 
Advertiser. 

J.  O.  Shanoon,  aecretary  Piatt  County  Agricult 
ural  Society. 

T.  G.  Emsler,  secretary  Cerro  Gordo  County  Agri- 
cuUnral  Sociery. 

M.  C.  Fernald,  Maine  State  College  of  Agriculture. 

L.Libbey,  P.M 7. 

Agentc  and  captains  of  Morgan  Steamship  Com- 
pany. 

K.  J.  Percy  for  Missouri  Valley  Telegraph  com- 
pany. 

Prof.  G.  B.  Merriman 


Date. 


R.  F.  Long,  editor  of  El  Paso  Ranohman 

Prof  J.  E.  Hilgard,  United  States  Coast  Survey; 
Daniel  W.  Stevens,  and  Rev.  Thomas  Hill. 

Hon.  B.  F.  Butler,  M.  C 

John  P.  Irish 


aj.Kirkwood 

A.  D.  Schenck,  first  lieutenant  Second  United 

States  Artillery. 

G.C.  Round 

A.  H.  Hill,  secretary  National  Board  of  Trade 

Hon.  J.  A.  Logan,  United  States  Senate,  and  51 

others. 

Hon.  J.  A.  Logan,  J.  H.  Ralston 

John  B.  Stevens,  mayor 

Board  of  Trade,  Wilmington 

Hon.  H.  H.  Holt,  Michigan  Legislatnre 


January  27, 187L 
February  19, 1871. 
February  19, 1871. 
April  8. 1871. 
April  17, 1871. 

May  24. 1871. 
June  9, 1871. 
June  20, 1871. 
June  12, 1871. 
June  12, 1871. 
June  21. 1871. 
June  21, 1873. 
March  9.  ]87(». 
June  80, 1871. 
July  22. 1871. 
July  27, 1871. 

August  3, 1871. 
January  4. 1882. 
August  2, 1871. 
Dectomber  10, 1877. 
August  7, 1871. 

August  6, 1871. 

August  8, 1871. 

August  11, 1871. 

August  14, 1871. 

August  11, 1871. 
August  le,  1871. 
September  11, 1871. 

September  14, 1871. 

September  5, 1871. 

October  8, 1871. 

October  19, 1871. 
February  17, 3873. 
October  31, 1871. 

November  9, 1871. 

November  28, 1871. 

December  4, 1871. 
December  18, 1871. 

December  19, 1871. 
December  14, 1871. 

January  0. 1878. 
January  8, 1875. 

December  27, 187L 
January  4, 1872. 
July  25, 1879. 

December  8, 1879. 
January  18, 1872. 
January  24. 1872. 
February  II,  1871. 
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LUt  of  places  far  which  siaiionB  have  hercque$ted,  f^ — Continued. 


Pkoe. 


AddHknuU  siatlaiM  on  mount- 
ains of  Virginia. 

Additional  stations  on  west- 
em  slope  of  the  Mississippi 
Valley. 

Ifonomdy  Point,  Cape  Cod 
Lifflitt  Mass. 

Sootnwest  Psss,  La.  (Pass  4 
l*OatreJ 

Staonton,  V  a.,  Cliriitianbnrg, 
Va.,  Bristol,  Tenn.,  Easton, 
P» ,  Winchester,  Va. 

Hainsborg,  Pa 

Hanisbnrg,  P» 

Towanda,  Xsns 

Black  Dome,  N.  C 

(Black  Hoonti^n) 

6«llitiln  and  Altoona,  on 
Pennsylvania  Centnd  Ball- 
road. 

Minneapolis,  Minn.  (Univer- 
sity of  Minnesota.) 

Sach  of  the  State  Agricnlt- 
nral  Colleges. 

Northfield.  Vt.  (I7orwich 
University.) 

Grand  Tower,  HI 

Inks,  Miss 

Great  KaUhalee,  IX.  C.  (Bald 
Mountain). 

Deposit.  N.  r 

Heilman  Dale,  Pa 

Fort  Wsjne  and  New  Al- 
bany, Ind. 

Maryland  Agrioultnral  (^1- 
legei 

Anbom,  Ala.  (Agriooltvral 
and  Mechanical  College  of 
Alsbams.) 

QEdensburgh,  K.  Y 

pSiUsbaT|^,  N.Y 

Sewsnf«,  Tenn.  (University 
of  the  Sooth.) 


Kewark.  Del.  (Delaware  Col 
lege) 

Beaver  City,  Utah 

Kew  Ulm,  Jiinn. 

Aiken,  &G 

Winona,  Miss 

Enuw,  Ala 

Ithaca,  K.Y.  (ComeU  Uni- 
versity.) 


Belfast,  Me 

C»rthage,Dl 

Kntstown,  Pa.     (Keystone 

State  Normal  School.) 

Gaines ville,Ga  

Some  point  between  LeaTsn- 

worth  and  Shreveport. 


Applicant. 


G.  C.  Wedderbnm,  secretary  Virginia  Telegraph 

Company :  L.  A.  Gobright,  associated  press. 
Merchants'  Exchange,  SadntLonis,  Mo 


B.  BL  Forbes 


Thornton  A  Jenkins,  Bear-Admiral  Qnited  States 

Navy. 
Jed  Hotchkiss,  secretary  of  the  Aognsta  County 

Fair,  Virginia, 

Jed  Hotchkiss,  secretary  of  the  Aognsta  Conn^ 
Fair,  ViTKinia. 

Alf.  S.  Sbeller,  P.  M.,  at  Lewlsbnrg,  Pa.   

Alf.S.Sheller,  P.M 

M.B.E1US 

William  Cain 

Hon.  K.  B.  Vance,  M.  C 

Hon.  K.B.  Vance.  M.C.;  Dr.B.L.Bea]l 

David  Peelor 


William  W.  Folwell,  president. 


J.  B.  Bowman,  regent  of  Kentucky  University, 
and  others.                                            ^ 
Capt  C.  A  Cnrtis , 


A.  It  Harris.  Secretary  Mntoal  Aid  and  Improve- 
ment Society,  Saintllonis,  Mo. 

Bev.  J.T.Freeman(throngh  Hon.  Geoige  £.  Harris, 
M.  C.) 

Charles  W.Jenks 


G.W  Hsnford 

S.P.  Heihnan 

F.  C.  Johnson,  chairman  meteorological  committee 

Indiana  State  board  of  aerionltnre. 

A.  R  Davis,  president  of  board  of  tmstees 

do 

William  G.  Stabbs,  John  B.  Read.  W.  H.  Jennison. . 

William  C.  Stnbbs,  secretary  of  facolty 

do 

Hon.  W.  A.Wheeler,  M.C  

Hon.  John  Roger8,M.C 

John  L.  Cooper,  (throagh  Prof.  Joseph  Henry, 

Smithsonian  Institotion). 
Hon.  W.  C.  Whittehome,  Riebt  Rev.  Alex.  Gregg, 

bishop  of  Texas,  faculty  of  college,  and  others. 
Hon.  A.  H.  Stephens,  M.  C,  ProfT  John  McCrady. 
Telfair  Hodgson,  vice  chancellor,  Lieut.  R.  M. . . . 

Rogers,  Sficond  ArtiUcry,  Prof  £.  K.  Smith,  and 

eieven  members  of  Congress. 
William  D.  Mackey,  secretary  of  fiusulty 


Date. 


Daniel  Tyler 

Dr.  Alfred  Muller 

J.  A.  Eckstein ,  attorney  st  law 

Hon.  F.  A  Sawyer,  U.  S.  Senate,  and  16  others 

John  C.Derby , 

James  Whitall 

AM  Rafter 

W.S.Bird 

A  D.  White,  pre.«ident,  and  petition  of  75  citizens. 

Farmers' Club  of  Ithaca  

A  D.  White,  president  of  faculty  of  university. . . . 

Hon.  Roscoe  Conklin,  U.  S.  Senate 

P.  B.  Crandell,  corresponding  secretary  Farmers* 
Club. 

E.  A.'Puertes,  Department  of  Engineering 

E.  A.  Fuertes,  dean , 

Z.  Hazsard  Potter 

William  C.  Russell,  acting  president 

CreorjreE.  Brackett  

L.  F.  M.  Easterday,  and  i(M>  citizens 

ARHome,  principal 


M.  F.  Stephenson , 

Steamboatmen's  convention  assembled  at  Cairo, 
HL 


May  17, 1871. 
July  le,  1871. 

November  20, 1671. 
March  20, 1871. 
August  15, 1671. 

August  15, 1871. 

February  2<t,  1881. 
October  29,  \881. 
February  12, 1872. 
February  12, 1872. 
December  10, 1880. 
January  28, 1881. 
February  17, 1872. 

February  21, 1872. 

February  20. 1872. 

March  IS.  1872. 

March  21, 1872. 

March  25^  1872. 

April  1, 1872. 

April  1, 1872. 
April  1, 1872. 
April  12, 1872. 

April  10,  ISTi. 
June  21, 1872. 
May  14. 1872. 
December  ^  ]880t 
January  4, 1881. 
May  25, 1872. 
May  2M,  1872. 
June  10, 1872. 

June  28, 1877. 

April  22, 1881. 
December  17, 1881. 

June  11, 1872. 

July  8, 1872. 
July  10. 1872 
December  15, 1881. 
July  16, 1872. 
September  2, 1872. 
March  81, 1875. 
July  20, 1872. 
Jnlv  20, 1872. 
Ausust  8, 1872. 
November  18. 1872. 
November  22, 1872. 
January  25,  1873. 
January  3,  lh75. 

March  17, 1875. 
April  17. 1875. 
May  7, 1878. 
August  8k  1878. 
Au^st  6,1872. 
September  2, 1OT2. 
September  13, 1872. 

November  5, 1872. 
November  17, 1872. 
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Place. 


On  plains  of  Wectem  Kanaaa 
and  regions  to  aonthwaid 
and  aouthwestinffd. 

Dallas,  Tex 


Parker's  Landing  on  the  Al- 
letrheoy  Biyer,  Greensbor- 
oQgh  on  the  Monongahela 
RiTer. 

LawTt'noe^Kans.  (UniTersity 
of  Kansas.) 


Applicant. 


Date. 


Kansas  State  Horticultural  Society. 


Manchester,  N.  H. 


Sandwich,  lU 

Detroit,  Minn 

Dsyton,Ohio.  (National  Sol- 
diers' Home.) 


Palatkfl,  Fla 

Smporia.  Kons.  (State  Nor- 
mal ScnooL) 

North  and  west  of  Galves- 
ton, Tex. 

CbarlottesTille,  Ya.  (Univer- 
sity of  Virginia.) 

Roleijch,  N.  0 

Columbia.  S.  C 


W.  A.  Jones  &.  Co.,  W.  C.  Connor,  and  133  others. . . 

G.T.Atkins,  and  242  others 

G.T.Atkins 

Hon.  Olin  Welibom,  M.  C 

George  T.Atkins 

Resolution  of  select  council  of  Pittsburg,  trans- 
mitting and  approving  petition  of  40  citizens  of 
Pittsburg. 

do 

John  Frazer,  chancellor 

Hon.  Stephen  A.  Cobb,  K.  C,  inclosing  petition  of 
Alfred  Gray,  secretary  of  the  State  BMUti  of  Ag- 
riculture. 

J.  Savage 

Hon.  S.  K.  Bell  M.  C,  inclosing  resolution  of  New 
Hampshire  State  Agriculture  Society. 

N.E.  Ballou  (throughCommissimierof  Agriculture.) 

Daniel  Cony 

Hon.  Isaac  Strohen 

Thomas  L.  Neal,  president,  and  Thomas  D.  Davis, 
secretary,  Montgomery  County  Medical  Society. 

J.  F.  Stone  (through  Secretary  of  Navy) 

Robt.  MUliken 

Hon.  P.  B.  Plumb,  United  States  Senate;  H.  £.  Sad- 
ler. 

Chamber  of  Commerce  (through  Hon.  John  Han- 
cook). 

Hon,  K.  T.  W.Duke,M.  C 


Pierce  City,  Ho. 


Columbus,  Miss. 


Neahanic  Mountain,  Somer- 
set County,  K.J. 

s^incennes,  Ind 

Salina,  Kans 


AJleghanies,  in  North  Carolina 

Carthage,  Mo 

New  Berne,  N.C 

Port  Townaend,  Wash 


Cotton  Exchange,  New  Orleans 

do   

Hon.  John  Alexant'er,  mayor,  transmitting  resolu- 
tions of  city  council. 

Hon.  F.  A.  Sawyer,  and  petition  of  58  citizens,  and 
resolution  of  city  council. 

£.  P.  Lingee,  president  board  of  education 

C.  W.  Rogers,  general  manager  of  the  Saint  Lonia 
and  San  Francisco  Railroad. 

Cotton  Exchange,  New  Oiieans 

Hon.  H.  L.  Muulrow,  M.  C.,  and  3  others 

Cotton  Exchange,  Mobile 

J.  y.  D.  Pumyea 

W.Hays 

Freeman  Kingman,  secretary  of  Patrons  of  Hus- 
bandry and  f^armers'  Club. 
Hon.  W.  A.  Phillips,  M.  C 


George  Warren,  Jr 

E.  P.  Searle  and  174  others 
G.  W.  Nason,  Jr 


Mineral  Point,  Wis 


Latitude  iff*  W,  longitude 
740  42',  Somerset  County, 
K.J. 

Cariton,Wis ' 


Oakland,  Cal.  (University  of 

California.) 
FayetteviUe,  Ark.  (Arkan- 

sss  Indusmal  University.; 
Beatrioe,  Kebr 

One  or  more  stations  in  Ari- 
sona. 

G«rham,K.H 

Maw>nCity,Mo 


J.  W.  Sweeney,  general  superintendent  Pnget 
Sound  Telegraph  Company. 

Mid.  William  G.  Morris,  special  agent  Treasury 
Department. 

Thomas  P.  Minor,  president  of  Puget  Sound  Tele- 
graph Company. 

G.  A.  Weed,  mayor  of  Seattle 

M^j.  G.  L.  Gillespie,  Corps  of  Engineers 

Hon.  T.  0.  Howe,  United  States  Senate;  M.  M. 
Strong. 

Hon.  F.  T.  Frelinghnysen,  United  States  Senate; 
ciUsens  of  Somerset,  Hunterdon,  and  Middlesex 
Counties. 

Edward  Bach,  farmers,  and  ship-owners  of  the  dis- 
trict. 

Hon.  Philetos  Sawyer,  M.  C;  Edward  Baoh 

J.  West  Martin,  secretary  of  the  Board  of  Regents. 


Hon.  A.  S.  Prather,  trustee 

C.  P.  Conrad,  professor  of  chemistry 

Hon.  P.  W.  Hitchcock.  United  States  Senate;  Hon. 

A.  S.  Paddock. 
Charles  Deniaon,  M.  D 


Elias  S.Mason 

J.  F.  Bei^Jamin,  Brown  and  Sheppard,  E.  B.  Tan 
Vent,  and  33  others. 


December  21, 1872. 


December  26, 1872. 
November  25, 1878. 
February  28, 1880. 
March  10, 1880. 
August  27, 1881. 
December  28, 1672. 


January  10, 1873. 
January  16, 1873. 
May  6, 1873. 


January  7, 188L 
January  21, 1873. 

January  22, 1878. 
February  2, 1878. 
February  11, 1873. 
February  1, 1875. 

February  17, 1873. 
March  6, 1878. 
February  2. 1881. 

March  6, 1873. 

March  2, 1873. 

March  30, 1873. 
March  30, 1873. 
June  11, 1873. 

August  5, 1873. 

April  0, 1873. 
November  10,  I88S. 

March  30, 1873. 
June  4, 1880. 
July  8, 1880. 
April  12, 1873. 

June  15, 1878. 
July  17, 1873. 

April  2, 1877. 
July  26, 1878. 
August  15, 1873. 
September  18, 1878. 
September  30^  1673. 

March  8, 1878. 

December  16,  1878. 

December  17, 1878. 
March  5, 1880. 
December  16,  1873. 

December  22,  1873. 


January  10, 1874. 

January  26,  1874. 
February  12, 1874. 

February  17, 1874. 
September  28, 1881. 
March  8, 1874. 

March  16^  1874. 

March  30, 1874. 
Maroh  30, 1874. 
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List  of  places  for  which  atatiotu  have  heen  requested,  ^o. — Continaed. 


Place. 


Bome,  G* 


SynoiueiX.Y 

BftkeTiificld,Cal 

Palmyra,  WU 

CrawfordsTill«,Ind.(Wabaah 

College.) 

Calais,  lie 

Port  Tbompflon,  Dak 

Chatawa,  Miss.  (College  of 

the  Bedemptionlst  Fathen. ) 
EUaworth  Kaoa 

Mount  Lake  or  Bald  Knob, 

GileeCo.,  Va. 
Camden,  N.  J.    (the  Riyer 

Iron  Worka.) 
Bloomington    and   Deoator, 

Dl. 
Mount  Kearsage,  Warner,  N. 

H.      ^^ 
Ceredo,  W.  Va 

Aaiorla,  Oreg 


FonddnLar,  Wia 

Corpoa  Chriati,  Tex 

Lansing,  Mich.  (State  Agil- 
cultural  College.) 

Pana,  HI 

Columboa,  6a 

SalUburv,  y.C 

Hartford,  Conn 

Oahkoah,  Wia 

Amee,  Iowa  (State  Agrlonl* 

toiml  College.) 
Meant  Anthony,  Bennington, 

T  t. 

Alton,  Iowa 

Mount     Pisgah,     Bradford 

County,  Pa 
JaokaonaviUe,  111 

Ironton,  Ohio 

Ulea  of  Shoala,  K.  H 


▲Ungdon,     HI.    (Abingdon 


Thomaa  J.  Perry,  chairman  meteorological  com- 
mittee Bome  Agrioultural,  Horticultural,  and 
Mechanical  Fair  Aaeoolation. 
do 
do 

Hon.  W.  H.  Felton,  MC 

Henry  A.  Hill,  secretary  Chamber  of  Commerce, 
Bome,  6a. 

Thomas  J.  Perry,  secretary,  and  H.  Harpold,  pres- 
ident Chamber  of  Commerce. 

N.  Graves,  mayor,  William  Kirkpatriok,  J.  B. 
Whitiock,  andf  J.  B.  Hill 

Hon.  B.  H.  Duell,  M.  C 

A.  C.  Bratton.  M.D.;  P.  D.McClanohon 

John  C.  Minton 

Col.  H.  B.  Carrington,  U.  S.  A.,  chairman,  military 
science,  Wabasu  College. 

Hon.  Bacene  Hale,  M.  CI;  BoardmanBroe 

Col.  D.  S.  Stanley 

Alexander  W.  Gordon 


lege.) 

I4  8ia 


Hon.  W.  A.  PhiUips,  M.  C. 

M.  W.Henry 

Mrs.  H.  Haupt 


Wood,  Dialogue  A  Co. 


£.  A.  Gastman,  chairman  meteorological  committee 
Macon  County  Fruit  Growers'  Association 

John  Eaton,  Commissioner  of  Education  i  Hon.  N. 
G.  Ordway,  Hon.  W.  £.  Chandler. 

S.  A.  Forbes 

Frank  Hereford 

Hon.  J.  H.  MitcheU,  United  States  Senate 

do 

do 

Aug.  C.  Kinney,  secretary  of  Chamber  of  Com- 
merce. 

do 

Hon.  James H.  Slater,  United  Stetes  Senate;  S.  C. 
Holden,  sscretary  Chamber  of  Commerce. 

Aug.  C.  Kinnev.  chairman  meterological  commit^ 
tee.  Astoria  Cnamber  of  Commerce. 

Board  of  Trade,  Portland,  Oreg  i  Board  of  Trade, 
San  Francisco;  Chamber  of  Commerce,  San  Fran* 
ciMO;  Chamberof  Commerce,  Astoria. 

Hon.  J.  Whiteaker,  M.  C;  E.  C.  Holden,  secre- 
tary Astoria  Chamber  of  Commeree. 

Hon.  J.  H.  Slater,  U.  B.  Senate;  E.  C.  Holdan, 
secretary  Astoria  Chamber  of  Commerce. 

Hon.  C.  A.  Eldridge,  M.  C;  J.  W.  Carney 

H.  Taylor,  P.  M 

Hon.  G.  Sehieider,  M.'  G.;  Wm.  Headon.'MioV  B. 

I.  Denney,  secretary  of  city;  J. P.  Bodney,  and 

8  others. 
B.  C.  Kedaie,  professor  of  chemistry 


Date. 


E.  C.Reese,  P.  M 

Hon.  H.  B.  Harris,  M.  C 

do 

Hon.  W.  11.  Bobbins,  M.  C 

G.  II.  Kingsbury,  chairman  meteorological  oom- 
mittoo.  ToUand  Co.  Agricultural  Society. 

T.  Fluyd  Woodworth,  M.  D 

J.  K.  Macomber,  professor  of  physioa 


G.  W.  Bobinaon. 


Hon.  James  W.  McDill,  M.  C;  K.  W.  BoweU,  W. 

B.  Boberts,  and  12  others. 
KBeddington 


Hon.  John  A.  Logan,  U.  S.  Srnate :  G.  Y.  Blaok, 
Sam'l  H.  Martin,  and  H.  G.  Whitiock. 


Albert  Lawson,  W.  S.  Mci^nlgg,  and  24  others 

John  B.  Poor,  J.  Albert  Walker,  John  Walker,  and 

7  others. 
Dr.  H  t.  Bowdltch,  member  National  Board  of 

Trade. 
D.  S.  Hacria,  profeesor  of  natural  sdenoea 


April  24, 1874. 


January  21, 1875. 
December  4, 1876. 
March  31. 1876. 
March  16, 1877. 

July  19, 1878. 

May  9, 1874. 

May  11. 1874. 
May  14, 1874. 
May  19, 1874. 
June  6, 1774. 

June  16, 1874, 
June,  18,1874. 
July  13, 1874. 

July  14, 1874. 
July  21,  1874. 
July  21,  1874. 

July  29, 1874.  . 

August  30, 1874. 

October  28,  U74. 

November  21, 1874. 
June  10, 1876. 
November  29, 1874. 
January  18, 1878. 
March  80.  1878. 
July  20. 1878. 

April  2.  1879. 
February  6, 1880. 

March  4, 1880. 

August  26, 1880. 


December  27, 1880. 

January  3, 1881. 

December  15,  U74. 
January  4, 1875. 
January  15,  1875. 

January  12, 1876. 

January  17, 1875- 
January  19, 1875. 
January  20, 1876. 
January  20,  1875. 
January  21, 1875. 

January  22, 1875. 
January  23, 1875. 

January  27, 1875. 

February  17, 1875. 

March  2, 1875. 

March  15,  1875. 

March  25, 1875. 

September  10,  IfiTO. 
April  1, 1875. 
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PlMM. 


Hingham,  Wis 

Three  or  four  additional  eta* 
tiona  in  the  interior  of  Flor- 
ida. 

Lake  Charlee,  La 

TaUahaasee,  Fla 

Franklin,  Idaho 

Lenoir,  K.  G 

Fort  Dodffe,  Iowa 

FrlendaTille,  Ala 

Greencastle,  Ind.  (Aabory 
UniTeralty.) 

Danville,  Va 

Cape  Henlopen,  Del 

Fulton,  Ark 

Sllwr  City.  Idaho;  Walla 
Walla,  Wash.,  and  Baker 
City,  Oreg. 

Carson  City,  ll'eT 

Paw  Paw.  Mioh 

Carlisle,  Pa 

Fairbury,  Nobr 

KeUy 's  Island,  Ohio 

Three  Rivers,  Mich 

Moffat,  Tenn 

University  of  Missoari 

Bald  Knob,  Giles  County,  Ya. 

8towe.  Vt. 

Alfred  Centre,  N.  Y.  (Alfred 

University.) 
Anchorage,      Ky.     (Forest 

Academy.) 
Mouticello,  Iowa 

Beed's  Landing,  Minn 

Ocracoke,  N.  (J 

Hipon,  Wis.  (Bipon  College.) 

Cheyenne  Wells,  Cal 

Judsouia,  Ark.  (Jndson  Uni- 

versity.) 
SUtesvUle,  K.  C 

*'  The  Vista"  Catokill  Mount- 
ains, N.  Y. 

Algonalowa 

Thomasville,  6a 

Amherst,  Mass.  (State  Agri- 
cultural College.) 

Eagle  Biver,  Mich,  (north- 
Aide  of  Point  Keeweenaw, 
Lake  Superior.) 

Grayville,  111 

Starkey,  N.Y 

Koan  Mountain,  N.  C 

Mount  Mitchell,  K.  C 

Carbondale,  Dl.  (Southern  D- 
Unola  Normal  u  niyenity.) 


Applicant. 


Charles  Bogers  and  F.  A.  Balch,  meteorological 

committee  Farmers*  Club  of  Hlngham. 
John  P.  Wall  M.  D ....."..... 

William  Myer,  assistant  postmaster 

D.  H.  Beese,  postmaster 

Hon.  8.  B.  (Jonover,  United  States  Senate,  and 

41  others. 

J.  Biohardson 

Clinton  A.  Ciiley  (latebrevetlieutenant-ooloneland 

acting  assistant  quartermaster,  U.  S.  Army.) 

Frederick  Hess 

James  Pool 

Alei.  Martin,  president 

Hon.O.  P.  Morton,  United  States  Senate;  Alex. 

Martin,  D.D..  prissident  of  university. 
Wm.  B.  HamUton,  lieutenant  Fifth  United  States 

ArtUlery. 

J.  B.  Winston 

A.  M.  Wheeler,  iKMtmaster 

Hon.  Geo.  C.Cabdl,  M.  C 

J.  £.  Jouett,  captain  United  Sutea  Navy 

Jay  Guy  Lewis.    

Hon.  J.  B.  Bl»m,  M.  C^  B.  Martin  and  24  ethers. . . 
Hon  T.  W.  Bennett,  Delegate  from  Idaho 


Hon.  John  P*  Jones,  United  States  Senate ;  Hon. 

Wm.  Sharon,  United  States  Senate;  Hon.  Wm. 

Woodbum,  M.  C:  the  governor  and  numerous 

state  oiBcials  of  Nevada. 

£.  E.  Bowland 

William  H.  Cooke 

Will.  W.  Watson,  civil  engineer 

D.  K.  Huntington,  deputycolleotor  of  customs. . . . 
James  Monzoe,  M.  0. ;  B.  K.  Winslow  and  l(tt 

others. 

Board  of  Trade,  Detroit 

John  Anable 

John  Francia 

Col.  Belli  ns  (through  Commissioner  of  Education). 
Wm.  Terry;  Mrs.  B.  Haupt , 

A.  C.  Stiokney,  civil  engineer , 

H.  E.  Coon 

Col.  J.  H.  Current 

M.  M.  Moulton,  city  marshsl ;  F.  I.  Tryon,  mayor ; 

M  W.  Herrick,  city  attorney. 

T.  B.  Wilson  and  Co 

Thomas  L.  Tiiton,  M.  F.  Nelson,  and  17  others, 

shippaaeters,  pilots.  Sec. 

Hon.  T.  Sawyer,  C.  A.  Kenaston,  secretaiy 

Prof.  C.  A.  Kenaston 

^of.  C.  A.  Kenaston 

L.  M.  McLane 

Hon.  A.  H.  Garland,  Prof.  Hubert  M.  Skinner 

J.  H.  Wymer,  voluntary  observer 

Hon.  William  M.  Bobbins,  M.  C 

Hon.  William  M.  Bobbins,  M.  C 

Prof.  Samuel  £.  Busk 

P.  Dorweiler 

D.S.Brandon 

Dr.  John  T.  Metcalf 

Lieut.  C.  A.  L.  Totten,  Fourth  Artillery,  acting  sig- 
nal officer. 

W.  8.  Clarke,  president 

J.  T.  Whiting,  general  agent  Lake  Superior  Transit 
Company. 

Leopold  and  Austiian,  proprietors  Lake  Superior 
People's  Line  of  Steamers. 

B.  W.  Townshend,  M.  C;  J.  G.  Stokes,  M.  D 

H.  L.  Jennison. 

Hon.  J.  N.  Thomburgh,  M.  C 

Hon.  R.  B.  Vance,  M.  C 

Bobert  Allyn,  principal;  Capt  T.  J.  Spencer,  U. 

8.  A 

Hon.  J.  A.  Logan ;  James  Boberta,  aeorataiy,  and 
G.  F.  Foster,  profesaor  of  phyalca. 


Date. 


April  19, 1875. 
May  e,  1876. 


June  12, 1876. 
October  16, 1877. 
June  12, 1876. 

July  23, 1875. 
July  28, 1875. 

November  4,  1875. 
November  0, 1870. 
November  18, 1875. 
March  7, 1876. 

September  14, 1880. 

December  13, 1875. 
July  15,  1879. 
May  23, 1882. 
December  22, 1875. 
December  28, 1875. 
December  21, 1879. 
February  9, 1876. 


March  0, 1870. 


April  8, 1876. 
M!ay  4,  1876. 
May  12,  1S76. 
May  25,  1876. 
December  17, 1879. 

August  19,  1880. 
May  86,  1876. 
June  29, 1876. 
July  17. 1876. 
December  22, 1876. 
December  22, 1876. 
January  12, 1877. 

March  81, 1877. 

April  15, 1877. 

June  25, 1877. 
June  29, 1877. 

July  21, 1877. 
February  5,  1878. 
Febmaiy  29, 1878. 
July  27,  1877. 
August  18, 1877. 
July  6,  1878. 
November  17, 1877. 
January  29, 1879. 
February  6, 1878. 

February  14, 1878. 
March  18, 187& 
July  16. 1878. 
March  80, 1678. 

March  30, 1878. 
May  1, 1878. 

May2,187& 

June  7,  1878. 
August  8, 1878. 
July  10,  1878. 
August  20, 187& 
Oetober  1, 1871 

October  a.  1878. 
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IM  ofplacn  for-wkkh  itatUmi  have  been  rtquetUd,  ^— ContinuedU 


PlM6b 


8wme,WMh 

Doboylabu&d,  Oa 

Sonth  Sftint  0«orge,  He 

Beaufort.  N.  C , 

Overlook  Moonteia,  N.  Y . . . . 
WMteluai.  Mich 

La&yette,  Ind.  (Pnxdee  Uiii> 

verel^.) 
Ogden.  Utah 

Flagstaff  HiU,  Mass 

Elliott's  Knob,  Va 

Kortlifield,  Minn.  (Carleton 
CoJlege). 

Belton,  Texas 

Hommelstown,  Pa . 

Swsnsbonmghf  N.  C 

Batte,Mont 

Berkshire  HiUs,  Pittsfleld, 

Mass. 
Oajlord,  Kans 

Summit,  Colo 

Lead▼ill^Colo 

Glasgow,  Mo 

Winston,  N.  C 

Florence,  Ala 

BoUa,  Mo.  (Missouri  School 

of  Mines.) 
Saspension    Bridge,  N.  Y. 

(Seminary  of  oar  Lady  of 

Angels.) 
Point  Adams,  Oregon 

Tillamook  Book,  Oregon 


ComfiDrt,  Texas 

Long  Beaoh,  L.  L , 

The  National  Park 

Baoe-Sook  Light-Honaa,  Ct 

Cimarron,  N.Mex 

Orange,  Texas. 

Tyler,  Texas 

Wlhnisgton,  Gsl 

Boeme,  Texas ,... 

Maoon.Misa 


Applicant. 


O.  A.  Weed,  mayor,  and  22  others 

B.  F.  Brian,  superintendent  Savannah  Cotton  Bx- 
change. 

Hon.  S.  D.  Lindsey.  M.  C;  Franklin  Tmssell 

Hon.  A.  M.  Waddell,  M.  C. ;  John  D.  Davis,  D.  S. 

Boone,  and  87  others,  dtiaens  of  Beaofort. 
Cltiiens  of  Beaufort  (thxongh  Lieut.  J.  A.  Swift, 

Signsl  Corps  U.  S.  Army). 

James  Smith.... ...................... 

Francis  Smith,  C.  C.  Thompson,  P.  M.,  and  41 

others. 

C.  C.  Thompson,P.  M 

Hon.  G.  S.  Orth,  M.  C 

George  B.  Prescott,  electrician  W.  U.  Telegraph 
CompanyjW.  B.  Hibhaxd. 

N.  Bearse.  W.  W.Hallett,  and  109  others 

Jed.  Hotchkiss 

Hon.  William  Windom,  United  States  Senate 

James  W.  Strong,  president;  W.  W.  Payne,  pro- 
fessor. 

Hon.  S.  B.  Maxey,  United  States  Senate ;  Hon.  Bich- 
ard  Coke.  United  States  Senate;  S.  C.  Alexander, 
and  07  others. 

Hon.  J.  W.  Eillinfn^,  M.  C ■ 

D.  J.  Sanders,  W.  w.  Bemnis,  and  31  others 

Hexiry  Jacobs,  mayor,  and  70  others 

W.TT  Bacon 

Hon.  J.  A.  Anderson,  M.  C. ;  T.  W.  McBride,  and 
ISotiiers. 

John  M.  Walker,  director  Iowa  and  Colorado  Con- 
solidated Mining  Company. 

Hon.  J.  A.  Logan,  United  States  Senate;  W.  S. 
Green,  W.  A.  Camplin,  James  L.  Clark,  and  101 
others. 

Lieut  George  Stanley,  topographical  engineer  of 
the  Colorado  and  Kew  Mexican  geolo^cal  sur- 
vey. 

Web.  M.  Samuel,  chairman  metl.  committee  Mer- 
chants* Exchange,  Saint  Louis,  Mo. 

W.  O.  Shelbum. 

Hon.  William  M.  Lowe,  M.  C 

Hon.  G.  G.  Vest,  United  States  Senate;  Charles  B. 
Waite^^director. 

Bev.  C.  Wotruba,  C.  M.  professor  of  physics  and 
astronomy. 

Board  of  Trade,  Portland,  Oregon ;  Board  of  Trade, 
San  Francisco ;  Chamber  of  CommerccL  San  Fran- 
cisco ;  Chamber  of  Commerce,  Astoria,  Oregon. 

Board  of  Trade,  Portland,  Oregon ;  Bo«rd  of  Trade, 
San  Francisco;  Chamber  of  Commerce,  San  Fran- 
cisco ;  Chamber  of  Ccmimeroe,  Astoria,  Oregon. 

Hon.  J.  Whiteaker,  M.  C. ;  B.C.  Holden,  secretary 
Astoria  Chamber  of  Commerce. 

Hon.  J.  H.  Slater,  United  States  Senate;  E.  C. 
Holden,  secretary  Astoria  Chamber  of  Com- 
merce. 

Chamber  of  Commerce,  San  Francisco 

Chamber  of  Commerce,  Astoria,  Oregon 

Board  of  Trade,  Sui  Francisco «. 

Hon.  C.  Upson,  M.  C. ;  Brig.  Gen'l.  £.  O.  C.  Ord, 
U.  S.  Army,  and  83  others. 

Hon.  C.  Upson,  M.  C,  and  62  others 

Dr.  Fred.  Fetterson,  secretary  Comfort  Agricult- 
ural Society. 

Thomas  B.  Sharp,  president  Long  Beach  Improve- 
ment Company. 

Dr.  E.  T.  Yager 

James  Fitch,  chairman  meteorological  committee, 
Kew  London. 

Colonel  Edward  Hatch,  Ninth  Cavalry; ' '  The  Max- 
well Land  Grant  Company. " 

Hon.  J.  H.  Beagan,  M.  C 

Hon.  J.  H.  Bea^,  M.C 

Hon.  J.  H.  Beagan,  M. C.;  Hon.  J.  P.  Douglas 

Phineas  Banning 

Phineaa  Banning 

Hon.  C.  Upson,  M.  C.J  F.  B.  Grothaos 

Hon.  H.  D.  Money,  Ml  C 


Date. 


October  2&  1878. 
January  2S,  1879L 

February  0, 1870. 
February  10, 1879L 

February  16, 188L 

March  7, 1879. 
March  29, 1879. 

October  0,18791 
April  14,  1879. 

April  20, 1879. 

May  2. 1879. 
May  28, 1879. 
May  28. 1879. 
November  19, 1880. 

May  28, 1879. 


June  10. 1879. 
September  4, 1879. 
October  11, 1879. 
December  20, 1879. 

December  27, 1879. 

January  7, 1880. 

January  17, 1880. 

February  9,  188L 

March  8, 1880. 

March  17, 1880. 
April  20, 1880. 
May  6, 1880. 

May  14, 1880. 

August  28, 1880. 

August  28, 1880. 

December  27, 1880. 
January  8, 1881. 


June  20, 1881. 
January  31. 1882. 
March  8,  1882. 
September  2, 1880. 

September  8, 1880. 
November  16, 1880. 

October  10, 1880. 

November?,  1880. 
November  90, 1880. 

December  8, 1880. 

December  14, 1880. 
December  14, 1880. 
January  16, 1881. 
January  4, 188L 
January  81, 188L 
January  0, 1881. 
January  9, 1881. 
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Place. 


Hibritten  Monntoin,  K.  C . . . 

Springfield,  Ohio 

Cedar  Bapida,  Iowa 

Breckenridge,  Kiim 

Fort  Fred.  Steele,  Wyo 

White  Head,  Me 

At  niuneroiie  points  in 
Alaska  and  the  Aleutian 

Baton  Bouge,  La.  (State  Uni- 
▼ereitr  and  Agricultural 
and  Mechanical  College.) 

Some  points  on  the  Atcmson, 
Topeka,  and  Santa  F6B.  B. 

CairoltoUfKy 

Kantttcket^  Mass 

Oakland,  Cal 

Bandolph,  Yt.  (State  STonnal 
School.) 

Ttir  Haven,  Conn 

Wilkesharre,  Pa 

Bedford,  Mont 

South  Framingham,  Mass. 
(State  Arsenal) 


Boaeman,  Mont 

Asoutnej  Mountain,  Yt 

Fort  Worth,  Tex 

Qlen  HaTsn,  Mich 


Sheldon,  and  Sioux  Citr.Ibwa. 
Baas  Biyer  (South  Dennis, 
Mass.) 

On  DanylUe,  MocksriUe,  and 
South weetem  Bailroad,  in 
Korth  Carolina 


Summit  of  Blue  Ridge  Mount> 

ains  near  Ber 
Hillsboro.  Ohio 


ains  near  Berks.  Pa. 


uig« 
,Pi 


Applicant. 


Ottawa   l^oint  Light  "(isast 
Tawas),  Mich. 


Marion,  Ala  — 
Btchetah,  Mont. 
Cnero,  Tex 


Lake 


Manitou      Islands, 
Michigan. 

PortJerviSjIf.  Y 

Paris,  Tex 

Crumples  Island,  Me  . 


Cape  Disappointmentt  Wash 
Highland,  N.  C 

Aberdeen,  Miss 

PatahaCity,  Wash 

ClarksTille,  Tenn 

Fort  Jupiter  Lights  Fla 


Hon.  R.  B.  Yanre,  M.  C. ;  Dr.  B.  L.  Beall 

W.  B.  Dix,  William  Moore 

Hon.  W.  B.  Allison,  United  States  Senate;  T.  J. 

Upton,  president:  W.  Harman,  secretary  Board 

of  Trade,  Cedar  Bapids. 

B.  Phelps,  registrar  of  deeds 

Hon.  S.  w.  Dorsey,  M.  C. ;  A.  Y.  Lsiomer,  John  T. 

Stewart,  and  12  others. 
Hon.  T.  H.  Murch,  M.  C. :  J.  S.  Case,  and  228  others . 
Lieut.  A.  W.  freely.  Fifth  United  States  Cayalry, 

acting  signal  officer. 

Hon.  B.  L.  Gibson,  M.  C. ;  William  Preston  John- 
ston, president. 

Lieut.  J.  P.  Story.  Fourth  United  States  Artillery, 
acting  signal  officer. 

J.  T.  Lewis,  P.  M 

W.H.  Starbuck 

H.  Yrooman,  W.  £.  Dargie,  and  J.  J.  HaniCsa — 
A.  W.  Edson,  principal 

H.  A.  French,  O.  M.  Clark,  and  63  others 

D.  L.  Rhone 

A.  B.  Miller,  P.  M..  and  72  others 

A.  Hun  Berry,  adjutant'genera]  Massachusetts 

Yelunteer  Militia. 
LF.  Kingsbury,  colonel  and  assistant  ac^utant- 

general  Massachusetts  Yolunteer  Militia 

A.  Hun  Berry,  adjutant-general  Massachusetts 
Yolunteer  Alilitia. 

Lieut.  Geo.  S.  Grimes,  Second  Artillery,  acting  sig- 
nal officer. 
S.  J.  Bronson 

C.  Arnold 

D.  H.  Day,  agent  Korthem  Transit  Company . .  . 

D.  H.  Day&Co 

P.  Chamberlain,  president  Northern  Transit  Com- 
pany. 

Hon.  G.  C.  Carpenter,  M.  C,  and  87  others 

Hon.  W.  W.  Crape,  M.  C 

Hon.  W.  W.  Crapo,  M.  C. ;  P.  P.  AW.  H.  Baxter 

Hon.  W.  W.  Crapo,  M.  C,  and  53  others 

Thomas  B.  Sharp,  president 

Olirer  D.  Shook 

J.  W.  Bridwell,  editor  '*  The  Saturday  Herald  "  •  •  • 

George  Haskins,  light-keeper 

George  Haskins  and  118  others 

George  Haskins 

Hon.  C.  M.  SheUey,  M.  C 

CharleeA.  Dyer 

Hon.  S.  B.  Maxey,  United  States  Senate;  Hon.  B. 

Coke,  United  States  Senate. 
Michigan  Legislature ;  Board  of  Trade,  Chicago. . 

W.  T.Doty 

Hon.  S.  B.  Maxey,  United  States  Senate 

J.  M.  Richardson,  superintendent  first  life-saTing- 

district,  and  100  others. 
J.  M.  Richardson,  superintendent  first  life-aaTing 

district,  and  84  others. 
Lieut  C.  £.  Kilbonme,  acting  signal  officer  and 

assistant 
Hon.  R.  B.  Yance,  M.  C. ;  Capt  S.  T.  Kelsey 

B.  E.  Ewing 

H.  M.  Bascom 

Hon.  H.  L.  Muldrow,  M.  C 

Sergt  F.  Greene,  Signal  Corps,  United  States 

Army,  and  30  others. 

J.  P.  Howard 

Hfew  York  Maritime  Association 

Charles  Dennis,  secretary  Board  of  Underwriters 

and  Tioe-preaident  AUantio  Mutual  Insurance 

Company. 
Insurance  Company  of  North  Amwioa,  Insurance 

Company  of  PennsylTsnia,  Insurance  Company 

of  Philadelphia^  and  Delaware  Mutual  Salbty 

Insurance  Company. 


Date. 


January  28, 188L 
February  7, 188L 
February  11,1881. 

February  U,  188L 
February  24, 188L 

February  24, 1881. 
February  25, 188L 


February  25, 188L 


March  2, 1881. 

March  i,  1881. 
March  8,  1881. 
March  12, 188L 
March  14, 1881, 

March  25, 1881. 
April  8,  1881. 
April  10,  1881. 
April  18,  1881. 

July  23,  1881. 

August  22,  1881. 

April  24, 1881. 

May  24, 1881. 
May  25, 1881. 
June  11, 1881. 
December  4, 1881. 
March  14, 1882. 

July  18,  1881. 
July  25, 188L 
August  21, 1881. 
September  29, 1881. 
July  29, 188L 

September  9, 188L 

September  18, 188L 
September  28, 1881. 
NoTember  2, 188L 
December  27, 1881. 
October  1(S,  1881. 
October  21,  1881. 
October  22, 1881. 

October  24, 1881. 

NoYsmber  8, 1881. 
NoTemberl5,1881. 
December  4, 188L 

December  10, 188L 

December  9, 1881. 

December  18, 1881. 
December  29, 1881. 
December  80, 1881. 
December  21, 1881. 
December  21, 1881. 

December  21, 1881. 
December  27, 1881. 
December  31, 188L 


December  31, 188L 
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lAii  ofplaoeafor  which  8tatian8  have  been  regu«tto(2,  fc. — Continned. 


Place. 


Fort  Japiter  Light,  Fla.— 
Continued. 


EastTAWM,  Mich 

Whiteetone,  L.  I 

Oxford,  MiM 

(UniTersi^  of  MiasiBsippi) 


Alexandria,  and  Natchito- 
ches, La. 

At  the  entranoe  to  Penohecot 
Bay,  He. 

Tawaa  Light  (TawaaBay), 
Lake  Hnron. 

8aint  Joaeph,  Mo 

New  Switzerland,  Ga 

MonntCarmel,  Bl 

Cape  Hancock,  Waah 

Bauey'a  Harbor.  Wia 

Aberdeen,  Dak 

Ticonderoga,  N.  Y 

Oxford,  Ohio 

Mount  Maaaiye,  Colo 

Leluid,  Mich 

Grainfleld,  Kana 

Trinity,  Ala ^ 

GreenyiUe,  Miaa 

Cutler,  Me 

Lexington,  Ky 

Holly  Springs,  Miaa 

Columbia,  Tex 

Wolf  Point,  Mont 

Chamberlain,  Dak 


Applicant. 


C.  H.  Mallory  Sl  Co.,  P.  Alexander  St,  Sona,  and  14 

others. 
Waahington  Fire  and  Marine  Insurance  Company 

and  8  other  insurance  companies. 
Chamber  of  Commerce,  New  York  City. 

J.  H.  Schenck 

Capt.B.  S.  Osbon 

Prof.  R.  B.  Fulton 

Gen.  S.  D.  Lee,  president  of  the  Agricnltnxal  and 

Mechanical  College  of  Miasiaaippl. 

Hon.  Tan  H.  Manning 

Hon  N.  C.  Blanchard,  M.  C 


R.  T.  Carver. 


R.  A.  Alger. 


Hon.  A.  Ford,  M.  C 

A.  Pope,  general  pasaenger  agent  Bidimond  and 

Danville  Railroad;  Mra.  C.  K.  Biedermann. 
Hon.  G.  B.  Raum.  Frank  W.  Havill,  and  88  others 

Board  of  Trade,  Portland  Oreg 

T.  A.  Pieplow 

W.H.  Horn 

John  H.  Drake 

Hon.  JohnHammcmd,  M.  C 

L.  H.  WeUa 

R.  B.  Goodell,  secretary  Yankee  Hill  Consolidated 

Mining  Company. 

V.  K.  Moore,  president  Leland  Iron  Company 

Thomas  Hindman 

Hon.  Jos.  Wheeler,  M.  C;  Rev.  Jos.Shackleford.. 
W.  A.  Bverman,  secretary  and  treasurer  Board  of 

Mississippi  Levee  Commission. 
John  C.  Smith,  superintendent  New  York  Mari- 
time Association. 
Hon.  J.  B.  Beck,  Prof.  J.  R  Patterson,  A.  S.  Win 

ston. 

Hon.  Van  H.  Manning,  M.  C 

Hon.  G.  W.  Jones,  MTC.  ;  John  Wells 

Charles  Aubrey  and  others  

Hon.  R.  F.  Pettigrew,  Delegate;  F.  M.  Gi>ody- 

hoontz. 
S.  8.  Merrill,  general  manager  Chicago,  Milwankee, 

and  Saint  Paul  Railroad. 


Date. 


December  81,  UBSl. 

January  4, 1882. 

February  4, 1882. 
December  27, 1881. 
December  29, 1881. 
January  7, 1882. 
January  28, 1882. 

April  8, 1882. 
Januaay  12, 1882. 

January  10, 1882L 

January  21, 1882. 

January  22, 1881 
February  8, 1882. 

February  7, 1882. 
February  12, 1882. 
February  18.  1882. 
April  10, 1882. 
February  18, 187S. 
February  21, 1882. 
February  22, 1882. 
February  23, 1882. 

February  26, 1882. 
March  8, 1882. 
March  4, 1882. 
March  8, 1882. 

Aprils,  1882. 

April  ^  1882. 

May  17. 1882. 
May  29,  1882. 
June  id,  1888L 
June  22, 1882. 

June  22, 1882. 
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APPENDIX    43- 

Table  $howing  the  dates  an  which  the  flni  froeU.  oceurred  at  the  several  etatiane  of  oheerva^ 
Hon  of  th^  Siifnal  Servioe,  U,  8.  Army ^  during  the  fall  and  winter  monthe  o/ 188(M8L 
«iMi  l«81-'82. 


Statioiia. 


Albany.N.Y 

Alpen*,  Mioh 

Apaohe  Pma,  Aris 

Atluita,  Ga. 

Atlantic  City,  K.  J 

AagaBtAfGa. 

Baltimore,  Md 

Bangor,  Ife 

Baroegat,  K.  J 

Bismarck,  Dak 

-Block  Island.  R I 

.Bois6  City,  Idaho 

-Boston,  Mass 

-BrackettviacL  Tex 

BrownsTllle,  Tex 

Buffalo,  K.Y 

Barlington,  Iowa 

Burlington,  Tt 

Cairo,  111 

'Camp  Thomas,  Aria 

Campo.Cal 

"Cape  Henry,  Va 

^Cape  May,  JN.  J 

Cedar  Keys,  Fla 

'  Champaign,  m 

'Charleston,  8.  C 

•Charlotte,  N.  C 

'  Chattanooga,  Tenn 

•  Cheyenne,  wyo 

Chicago,  III 

Chinooteagne,  Ya 

Cincinnati,  Ohio 

CleTeland,  Ohio 

-  Coleman  City,  Tex 

Colfax.  Wash 

*-<ColnmDas,  Ohio 

*Concbo,Tex 

-Darenport,  Iowa 

.  Dayton,  Wash 

Deadwood.Dak 

.  Decatur,  Tex 

1  Delaware  Breakwater,  DeL 

-Denisou,  Tex 

>DenTer,  Colo 

^IDee  Moines,  Iowa. 

Detroit,  Mich 

Dodge  City,  Kans 

Dubuque,  Iowa 

Duluth,Minn 

2agle  Pass,  Tex t 

lEastportjSie 

JEl  Paso,  Tex 

Erie,  Penn 

rEscanaha,  Mich 

/Florence,  Arix 

Port  Assinniboine,  Mont . . 

Fort  Apache,  Aris 

Tort  Bennett^  Dak 

Fort  Benton,  Mont 

Fort  Buford,  Dak 

Fort  Cumminga,  K.  Mex . . . 
JFort  Coeur  d' Alese,  Idaho . 
t 


0  t 
42  39 


45 
82 


6 
8 


83  45 
89  22 
33  28 
89  18 
44  49 
89  46 
46  47 

41  10 
48  87 

42  21 
29  17 
25  63 
42  53 
40  49 
44  29 


87 
83 


0 
4 


82  37 

36  66 

38  56 
29  8 

40  8 

82  47 
85  13 
85  4 

41  8 
41  52 

87  55 
89  6 
41  30 
81  53 
46  52 
89  58 

81  25 
41  80 
46  19 
44  28 

83  12 

88  48 
33  48 

39  45 

41  35 

42  20 

37  45 
42  80 

46  48 
28  44 

44  54 
31  47 
42  7 

45  48 
33  3 
48  37 
88  48 
44  48 

47  50 

48  0 

82  18 
47  42 


73  45 

88  80 

109  80 

84  23 

74  25 
81  54 
76  37 
68  46 
74  6 

100  88 
71  86 

116  8 
71  4 

100  26 
97  26 

78  53 

91  7 

73  13 

89  10 

110  2 

116  25 
76  0 

74  58 

83  2 
88  14 

79  56 

80  51 

85  15 

104  48 
87  88 

75  23 

84  80 

81  42 
99  18 

117  17 
83  0 

100  24 

90  88 
117  56 
108  48 

97  85 
75  10 
96  82 

105  0 
93  37 
83  3 

100  0 
90  44 

92  6 
100  29 

66  59 

106  80 
80  5 
87  5 

'  HI  19 

I  109  43 

I  109  57 

100  80 

110  40 

108  56 

107  82 
116  45 


First  ttOBt  daring  fall 
and  winter  of— 


1880-'8L 


1881-1882. 


Light    Killing 


Sept  24 
Sept  22 
Not.  1 
Oct  24 
Oct  19 
Oct  24 
Oct  19 
^ng.25 
Oct  19 
Sept  13 
Not.  20 
Aug.  25 

Aug.  16 ; 

Oct  17 
Dec.  20 
Oct  13 
Sept  7 
Oct  1 
Oct     6 

I  Oct  12 

!      (c) 
Oct  24 

'Not.    1 
Oct   24 

:  ^,  («) 

Not.  16 
Oct  1 
Oct  18 
Sept  12 
Sept  29 
Not.  8 
Oct  17 
Sept  23 
Not.    6 

«  <«> 
Sept  30 

Oct   17 

Oct     4 

SeptU 

Sept  13 

Oct  20 

Not.  14  . 

Oct   IS 

Oct.  13 

Sept   9 

Sept  30 

Oct     4  , 

Sept  6 

Sept   8 

Not.    6, 

Sept  24 

Nov.    4  1 

Oct  28 

Sept  a; 

Oct.  12 
Sept  12  ' 
Sept  26, 
Sept  18 
Sept  12 
Sept  13 
Oct  16 

(a) 


Oct  6 
Oct  1 
Not.  10 
Not.  14 
Not.  17 
Not.  4 
Oct     6 

(a) 
Not.  29 
Sept  7 
Dec.  6 
Aug.  29 
Oct  6 
Not.  25 

^<''> 
Oct   10 

Oct     4 

Sept  29 

Oct   20 

(a) 
Aug.  26 
Not.  2 
Sept  11 
Not.  25 
Oct   19 

<«) 
Not.  5 
Not.  4 
Sept  10 
Oct  21 
Not.  21 
Oct  19 
Oct  6 
Not.  14 
Sept  6 
Oct  11 
Not.  9 
Oct  5 
Aug.  25 
Oct  2 
Dec  21 
Deo.  25 
Not.  3 
Sept  30 
Oct  18 
Oct     5 

(a) 
Oct  5 
Sept  28 
Not.  25 
Oct  7 
Sept  7 
Oct  6 
Ang.  15 
Oct  16 
Sept  5 
Sept  24 
Sept  80 
Sept  12 
Sept  16 
Not.  2 
Sept  1 


,  Not.  21 
Oct  6 
Not.  U 
Not.  4 
Not.  16 

I  Nov.  26 
Not.  27 
Sept22 
Not.  27 
Septl5 
Dec  18 
Sept.  7 
Oct  5 
Dec  22 

(6) 
Oct  5 
Oct  19 
Oct  28 
Not.  15 
Oct  16 
Aug.  27 
Not.  25 
Oct  16 

(*) 
Oct  20 
Not.  26 
Not.  4 
Not.  16 
Sept  15 
Oct  19 
Not.  25 
Not.  4 
Not.  16 
Dec.  26 
Oct  13 
Not.  4 
Not.  25 
Not.  16 
Sept  28 
Oct.  8 
Not.  81 
Not.  25 
Not.  26 
SoptlO 
Not.  9 
Dec.  19 
Oct  18 
I  Oct  19 
Oct  10 
<  Dec  15 
Oct  20 
I  Not.  11 
I  Oct  11 
'Oct  5 
,  Not.  11 
iSept  6 
Oct  16 
Oct  18 
Sept  a 
Sept.l7 
Not.  9 
Sept28 
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Appendix  AX-^Tdble  Bkowing  ihe  dates  an  whkih  ikeflnt  froits  occurred,  <f-o.— Continued. 


Fort  Glister.  Mont 

Fort  Davia,  Tex... 

Fort  SUlott.  Tex 

Fort  Ellis,  Mont 

Fort  Gibson,  Ind.T ^ 

Fort  Grant,  Aris ^ 

Fort  Keogn,  Mont 

Fort  Lapwai,  Idaho 

Fort  MoKaTstt*  Tex 

Fort  Missoula,  Mont 

Fort  Shaw,  Mont 

FoTt61U,Ind.T 

Fort  Sterenson,  Dak 

Fort  Verde,Aria 

Fort  Yates,  Dak 

FredericksDurg,  Tex 

Galveston,  Tex        

Grand  Haven,  Mioh 

Helena,  Mont 

HatterBSjK.C 

Henrietta,  Tex 

Huron,  Dak 

Indianapolis,  Ind 

Indianola,  Tex. 

JacksboronghjTex 

Jacksonville,  Fla 

Keokuk,  Iowa 

KevWest,Fla   

Kittyhawk,N.C 

XnoxviUe,  Tenn 

La  Crosse,  Wis 

LaMesilla,N.Mex 

Laredo,  Tex  ..  

Leavenworth,  Kans 

Lewiston,  Idaho 

Life-saving  Btotioo  Ka  6^  K.  0 

LitUe  Bock,  Ark «... 

Los  Angeles. Cal ."... 

LoulsviUe,  SlV 

Logansport,  Ind 

Lynchburg,  Ya 

Madison,  Wis 

Marquette,  Mich 

Memphis,  Tenn 

MUwaakee,Wls 

Miners*  Camp,  Idaho 

Mission,  Idaho 

MobUcAla 

Montgomery,  Ala 

Moornead,  Minn 

Morgantown.W.Ya 

Mount  WashingtoniV.H 

Kfcrragansett  ner,B.I 

Nashville,  Tenn 

Kew  Haven,  Conn 

Kew  London,  Conn 

N^w  Orleans,  La 

Newport,  R.I 

New  York,  N.Y 

Norfolk,  Ya 

North  Platte,  Nebr 

OlympiikWash 

Omaha.  Nebr 

Oawego,N.Y 

Palestine,  Tex 

PensaoohLFla 

Philadelphia,  Pa 

Phoenix,  Arts 

Pike*8  Peak,  Colo 

Pioche,Nev 

PittsbDrff,Pa 

Point  Judith,  R.  I 

Port  Huron.  Mich 


i 


80  42 

85  22 

46  61 
89  40 
44  16 
41  29 

86  11 
41  17 
41  22 
29  68 
41  29 

40  48 

86  51 

41  8 

47  2 
41  16 

48  29 
8145 
80  25 
89  57 
88  26 
88  50 

87  67 

40  82 

41  22 
48  0 


107  84 

108  56 
100  21 
110  51 

95  20 

109  57 
105  56 
116  48 


46  42 
80  38 
85  30 

45  40 
85  50 
82  89 

46  22 
46  25 
80  48 

46  50 

47  81 
84  40 

47  85 

84  88 
46  11 
80  17 
29  18 

48  5 
46  34 

85  15 

88  46 
44  21 

89  46 
28  32 

88  12 
80  20 
40  22 
24  84 

86  0 

85  56 
43  49 
82  17 
27  82 

89  19 
46  28 

86  82 
84  45 

84  8 
88  15 
40  46 

87  80 
48  8 

46  88 

85  7 
48  8 

47  81 
Not  determined. 


100  7 

114  7 

111  48 

96  23 

101  28 

HI  52 

100  34 

98  52 

94  47 

86  18 

112  4 

75  40 

98  12 

98  9 

86  10 

96  31 

98  10 

8139 

91  26 

81  49 

75  42 

88  58 

91  15 

106  48 

99  80 

94  58 

117  5 

75  52 

92  12 

118  16 

85  45 

86  20 

79  2 

89  24 

87  24 

90  0 

87  54 

116  0 

First  ftwt  during   fall 
and  winter  of— 


1880-*8L 


88  2 
86  18 
96  44 
79  52 
71    8 


17 
58 

57 
5 
4 

19 
0 

19 


71 

86 

72 

72 

90 

71 

74 

76 
100  45 
122  53 

95  56 
76  85 

96  40 
87  12 
T5 

112 
105 
114 

80 

71 

82 


10 
0 
2 

26 
2 

29 

26 


Sept  12 
Oct  4 
Oct  17 
July  1 
Oct     4 

Sept  12 
Sept  9 
Oct^  5 
Sept  12 
Aug.  27 
Oct  17 
Sept  13 
Nov.  25 
Sept  80 
Nov.  2 
Dec.  29 
Sept  8 
Sept  20 

^<*> 
Oct   29 

(a) 
Oct  17 
Nov.  15 
Dea  6 
Nov.  16 
Sept  9 

ib) 
Nov.  16 
Sept  80 
Sept  8 
Oct  16 
Nov.  6 
Oct  4 
Aug.  25 

^<«> 
Oct  16 

Nov.  13 

Sept  30 

Oct.    2 

Sept  16 

Sept  14 

Sept  8 

Sept  18 

Sept  14 

(«) 

(a) 
Nov.   7 

Oet  24 
Sept  8 
Sept  80 

(c) 
Oct  7 
Oct  18 
Sept  24 
Sept  24 
Nov.  16 
Oct  25 
Nov.  8 
Nov.  16 
Sept  13 
Sept  8 
Sept  29 
Oct  1 
Nov. 
Nov. 
Nov.  3 
Dec    0 

(c) 
Nov.  28 
Oct  13 
Oct  13 
Oct  19 


7 
7 


1881-1882. 


Light 


,Sept  7 
'Nov.  2 
Nov.  2 
Sept  2 
Nov.  14 
Oct  28 
Hept  5 
Sept  27 
Nov.  23 
Nov.  7 
Sept  14 
Nov.  13 
Sept.  15 
Sept  24 

Sept  17 

^  <^> 
Oct     5 

Oct   13 

Jan.    4 

Nov.  24 

Sept  15 

Oct  20 

Nov.   4 

Nov.   3 

Nov.   4 

Oct   19 

it) 

Nov.  27 

Oct  26 

Sept  28 

Oct  28 

Nov.  8 
Sept  28 
Nov.  24 
Sept  16 
Nov.  18 
Nov.  13 
Oct  17 
Oct  6 
Oct  15 
Sept  28 
Oct  21 
Oct  19 
Sept  22 
Sept  11 
Deo.  23 
Nov.  4 
Sept  7 
Oct  6 
Sept  12 
Sept  7 
Oct  21 
Oct  6 
Oct  6 
Deo.  16 
Oct  6 
Oct  6 
Nov.  16 
Oct  13 
Oct  3 
Oct  18 
Oct  5 
Dec.  22 
Nov.   4 

(a) 
Nov.   2 

Oct  27 
Oct  5 
Oct  5 
Ofct     6 


Killing. 


Oct  6 
Nov.  8 
Nov.  12 
Aug.  87 
Septlft 
Nov.  8- 
Septn 
Oct  7 
Dec  16> 
Sept21 
Sept  ^ 
Nov.  9 
Sept  7 
Nov.  12 
Oct  8 
Nov.  26 

^<^> 
Oct  1» 

Sept  6 

Jan.  16 

Nov.  28 

Oct.    9 

Nov.  14 

Nov.  25 

Nov.  26 

Nov.  26^^ 

Nov.  8 

(b) 
Nov.  5 
Nov.  4 
Oct    6' 
fNov.U 
Dec  16>' 
Nov.  9 
Oct  12 
Dec    8 
Nov.  18 

(6) 
Nov.  4 
Nov.  16 
Nov.  16 
Nov.  10 
Oct  14 
Oet  20 
Nov.  4 
Sept  6 
Aug.  24 
Nov.  26 
Nov.  20 
Sept.l6 
Oct  S 
Oct  5. 
Septl5 
Oct  20 
Nov.  6 
Oct  6 
Nov.  26 
Oct  6^ 
Oct  21 
Nov.  IT 
Sept  16^ 
Oct  18. 
Nov.  10 
Oct  2r 
Dec  16 
N0V.2S 
Oct  6 
Jan.  17 

(«) 
Oct.  2& 
Nov.  4 
Oct    ft 
Oct  11 
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Api^bndiz  4S.^Tdble  ikowing  ike  daie$  on  which  ikeflr$tfro$is  oceurredf  ^.— Continued. 


StetUma. 


Portland, Me 

PortiaDd,Oreg  

Portsmouth,  N.  G 

Prescotts  Aril 

Pnnta  RaMa,FU 

Bapid  City,  Dftk 

BedBlnffCal 

Bio  Grande  Citv,  Tex  . . 

Bochester.N.Y , 

Roaeburg,  Oreg 

Sacramento,  Cal 

Saint  Loais,  Mo 

Saint  Paal,  Minn 

Siint  Vincent,  Minn 

Salt  Lake  City.  Utah- 
San  Antonio,  Tex 

San  Diego,  Cal 

Sandnifky,  Ohio 

Sandy  Hook,N.J 

San  Francisco,  Cal 

Santa  F6,  N.  Mex 

Sayannab,  Oa 

Shreveport,  La 

Silver  City.  N.  Mex 

bloop  Point,  N.O 

SiuithviUe,Dak 

SmithviUe,N.C 

Springfleld,  ni 

Springfield.  Mass 

Spangle,  Wash 

Spokane  Falls,  Wash. . . . 

Stockton,  Tex 

Thatcher's  Island,  Mass. 

Toledo,  Ohio 

Tacflon,  Aria 

Umatilla.  Oreg 

Uvalde^Tox 

Yicksbnrg.  Miss 

Vi8alia,Cal 

Washington,  D.  C 

Wickenburg,  Aria 

Wilmington.  ».C 

Winnemncca,  Not.  . .  i . . . 

Wood's  Holl,  Mass 

Yankton,  Dak 

Ynma,  Aria 


4 
1 


43  40 
45  80 

as  2 

84  83 
26  88 

44  0 


40 
26 
43 
43 


10 

22 

8 

13 


38  35 

38  37 
44  68 
48  66 

40  46 
29  25 
32  45 

41  27 

40  28 

87  48 

35  41 
82  6 
82  36 

82  48 
84  19 

44  28 

83  55 

39  48 

42  6 
47  26 
47  89 
80  63 
42  86 

41  40 
82  14 

45  55 
29  13 

82  28 

36  20 

88  54 

83  68 
34  14 
41  0 

41  88 

42  M 
82  44 


o  / 

70  16 
122  43 

76  4 
112  30 

82  10 
103  0 

122  16 
08  4K 

77  42 

123  20 

121  31 
go  12 
93  5 

97  14 

111  54 

98  25 
117  8 

82  40 
74  1 

122  26 
105  57 

81  5 

93  40 

108  16 

77  48 
102  18 

78  1 
89  89 
72  86 

117  18 

117  25 

102  53 

70  34 

83  32 
110  53 
119  21 

^»  40 

54 
16 
77  2 

112  42 
77  57 

117  41 
70  40 
97  80 

114  86 


J 


First  ttOBt  during  fhll 
and  winter  of— 


1880-'81. 


1881-1882. 


Ang.  27 
Octw  30 
Nov.  23 
Oct.   11 

(b) 
Sept  10 
Nov.  15 
Dpc.  20 
Oct.  14 
Sept  18 
Nov.  14 
Sept  30 
Sept  13 
Sept  7 
Si'pt  12 
Nov.  6 
Sept  30 
Sept  30 
Oct  19 
Nov.  11 
Sept  27 
Oct  25 
Oct  17 
Nov.  1 
Oct  25 

Oct  24 
Sept  10 
Aug.  15 

(a) 

(a) 
Sept  10 
Oct  25 
Sept  30 
Dea  5 
Oct  10 
Oct  15 
Oct  17 
Sept  25 
Oct  t 
Dec  5 
Kov.  16 

^  <*> 
Oct  26 

Sept  8 

Mot.  18 


Light 


Oct     5 

Oct   13 

I      (a) 

Sept  24 

I      (b) 

Sept   7 

Oct   14 

I      (b) 

I  Oct  11 

Sept  30 

'Oct    14 

Oct   20 

Sept  28 

Aug.  6 

Sept   6 

Kov.  26 

Nov.  18 

Oct     5 

Nov.  29 

Oct   14 

Oct   17 

Nov.  26 

Nov.  21 

Nov.    4 

Nov.  25 

HeptlO 

Nov.  26 

Oct  22 

Oct     6 

Sept    1 

Sept  27 

Deo.  14 

Oct     6 

Oct   19  1 

Nov.  11 

Sept  10  ' 

Nov.    3 

Nov.  26 

Oct   14 

Oct     6 

Oct   14 

Nov.    5 

Aug.  26 

Nov.  16 

Sept  28 

Deo.  18 


Killing. 


Otl  87 
Nov.  23 
Nov.  26 
Sept28 

Deo.  IS 

Oct  26 
Oct.  13 
Nov.  18 
Nov.  8 
Oct  5 
Sept  6 
Oot  15 
Nov.  85 

(b) 
Nov.  15 
Nov.  21 
Nov.  18 

(a) 
Jan.  4 
Nov.  20 
Oct  80 
Nov.  29 
Sept  18 
Nov.  85 
Oct  19 
Oct  5 
Sept  28 
Sept26 
Nov.  24 
Oot  6 
Oct  5 
Nov.  12 
Oct  13 
Nov.  25 
Nov.  4 
Nov.  18 
Nov.  IG 
Nov.  2 
Nov.  24 
Ang.  28 
Nov.  88 
Oct  16 
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Q 

Z 

u 

< 


43» 

I 


to 

I 


8 

I 

a 

I 
1 


Pi 

0 

I 

a 


> 

s 

« 

5 


a 


« 


*  I 

1 1 

s 

;; 

•3 

1  I 

I  1 


I 


I 


'Aqiiiooed 


•     •  •  _  • 


ttttmt^t^'^^o^'irititmiiittitiiii'' 


|?5ji5jz5}i85^}i85»?5*fe 


Jq"^^^>5*^oo»waD>5ooao' 


*im{anAO|i 

i4^i^ii^i'^^^--4iiiii^^i^ii^ii^ 

•JIM|0|90 

4i4i^iii^'^^i^'''^^^iiti^tii^'""' 

•joqmo^dog 

. . .  —                   , 

'^snSny 

4^''^^4ii'*'*^i'"'i^^i<''i^^^^^^^>^^ 

jCinf 

«i^ii«i'^^4ii^^^i'"'it^i'^^^i''i''i^i^i'' 

•9jm£ 

«iSf4-i-|«5|g6^rig|«i«ifje=-SSi-Mfefe^i^fei^»i- 

•^«K 


»5gp4-gg-5|^|^riSig«i-i|g&;iig«ig?^!gg!^|g!^ss*«« 


TFidY 


TJOXIJC 


lillllllls|«si«^«'i'^«'llifesj|fell&^&=- 


*Xi«iuq9j 


'Xmiiitf 


•8 


J 


tfs*8"s"«^-s";^-''"'^'^a'"'5f-ffff?fa"a-"sf'*"'«f"-S'''*'*:? 


i 


II  liiiilliilili III 


if  IIP  li-lll  Nl^&*l  t^  a  fill  nil 
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mmIubmoq 


jsiii^''^s»^ii!'*^>^i*-'<a|t^s»i«'*>*'iS>i-'*ii!=*ll 


1 

O 

4 


'loqiooAOj^ 


ii'^4%4^4Hi^''^''4iii^^ii^^4>^i^^^4i 


•jroqo^oo 


iii4^4i4i^i''^4^4^ii''^i''^^''^^^^^4ii 


'Aqmo^dag 


•        _   • 


iii4^^ii'^<^i''^'''^^4^%%4i^^^4'^4^^^^^ 


■^^y  iiim4i'^%^^i''^^<^^4^i'i''^»^^''<is%^i^i'^. 


•ipp 


ii^<i^^'^ii'^'^i^i^^i^^^fi^^i'i'^^'i^^^4i'^^^''^^'^ 


■9imf 


ii^'^i^4i''ii^i''^'^''^4^it4i^''^^ii'^^^^^^'^ 


'^VH 


4i4^4i'^^i^i''^^''^4iii4i^^>i^i^'^^^'^^^'^ 


Tfidv 


iiisi^'^^^4^^i^^ii^^^i^iiiii^^^^^i4^4i'' 


s 


*iIoxvyi 


iiit'"'44i^ii^^^^4H^ii^^^^ii4^4i' 


•Xmuqej 


iiti4^^^^i>^^^4iiiiii^^^4^i^^^4i 


'ijmanc 


^ii^^i4^4i^4Mii^fii^^iiii^^^^itiiii^^^i^ 


QDOD"      ^      >^eO      ?500"'      S^*^3Qfi5  Ofi  ^5000000 


eo"  oo 


■8 


I 


fH  e» «  «  d  2«<  v^  go  o  ^  m  o  lo  e  m  {^  m  fM  ^  t;.  Ob  a  a  00  «o  <«  t;  9  m  o  Hft  00  »  uo  tt  o  o  w 
&&aoSoSSoSoSSSoSoSoSoSSoBoK&SS&SoaoSoSo&SSoSoo«S& 

j||£|<Sil^limi^!l»99llll§llll;g^l§!g;3ll^lll!g 


III 


^•2 


I 
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Alpona.  Uioh 

AUKiU,Ga 

AUuilioCitr,H.J.. 

M,Ok 

iira,Ud 

!«Mf.J 

...•okiDik 

MCltT.Idaho.  .. 

l«eBt<iD,IIiw 

BrMkettrin*,  Tex . . . 
Breskenildgs,  Ulnn  • 
BrowDSTiUi^Tsi .... 

BaOUOkll.T. 

BnrUn^OB,  Tt 

tJampOiCid 

Camp  ThoouM,  Aji> . 

CapaBcBiy.Ts 

C>pelU7.IT-J 

CMtnrlDa,  Tax 

Cedar  Seyi,n> 

Chaclea(OD,B.C 

CbubtKN.C 

UhatUuHn,  Tem  - . 

Cheysaiw/Wfo 

CUo«go,Ill 

CUuMMagoe,  Ta. . . . 

C!iu)limatl.OUa 

daTelMvLOhle 

C<iIeaiaiiCltT,TeK... 

COIiUDbaa,(AiB 

COBobOiTax 

26  SIG 


Deo.  23.1871 

>6 

Sept.l«.isn 

«     t 

Sept.  20,1878 
Dec  10,1873 

V» 

Not.    8,18T0 

106     1 

Jan.     1,1871 

Dec.  10,1873 

oe    1 

Sept,  15, 187* 
Jnlj    1.1877 

lOfl 

Sept  1,197B 

100 

Apr.  10,18TS 

101 

Aug.  25, 1876 

101 

Not.    1,1870 
Ub;S4,1871 
June  1.1S7I 
Jan.  -iSll 

S3 

07 

108 

B.pt.n,18TT 

IM 

Sept.  1,1874 

"1 

Deo.  1S,1«3 

1.  ' 

lIajM,ien 

"  1 

attt,x.itn 

Har.   7,U» 

M 

St  Jffi 

Not.    1,1870 

08.8 

00.0 

Her.  18,1888 

«    J 

Not.  t,vm 

5S.'.i:lSI 

in 

108  ' 

Sept.  7,1SS1 
Jiiim!B,1B74 

Jnlr  8,1878 
jBly  0,]«ai 
July  13, 1880 

Sepl  7,1881 
Jnly  IS,  1B7B 

AuR.  ^'iKTfl 


Aug.  8.1877 
Jane  30, 18TB 
Aog.  a;l87« 
Aug.  la,  1881 

Aug.  U.  1879 


Jnly  17, 1881 
JdIt  aMBSl 
Aug.  12, 1881 

Adk-  13.  IBSl 
Joly  20.  lV!b 
Joly  IB,  18TB 
Joly  10, 1880 

mht  21.  lare 

Jnne  10, 1880 
Jnly  0,1880 
JniT  10, 1800 
Jnly  8,1881 
Jnly    0,1881 


JiJt  10, 1B81 
Jnly  1^  ISTtt 
Jnly  12, 1870 
Jnty  14,  ItlBI 
Jnlj  ftlBT* 
Jnly  10, 1880 
Jnly  0,1881 
Jnft  10, 1881 
An_g.  12, 1881 
Jnly  11 1878 
Jnly  10,1881 


i .;! 


Jul     1,1881 


Deo.  80, 1880  j 

Deo.  24,  IBTD  I 

Dea  KLIBTR  { 

Deo.  80.1880  ? 

Jul  l.lSBl  { 

Feb.  0,ieTB 

Feb.  tlBT4 

Jan.  B.ms 

Jan.  20,1880 

Jao.  10.1881  > 

Jan.  21.1881  > 

Jan.  M,18ai  1 

Jao.     4.1S7> 

Dee.  Ml  1881 

Jul     B.inv 

Ju.     1.1881 


Dee.  30,1880 
Dec.  M,  1880 


Dee.  10,1880 
Jan.  8,1STS 
Jan.  10,  Un 
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Appendix  53.— Table  thowing  the  kigheii  and  l&weat  temperaturee^  ^c. — Continned* 


SUitioat. 


Cordcana,  Tex.  * 

Davenport,  Iowa. 

Dayton,  Wm^... 
Dead  wood,  Dak.. 


Decatar,  T«x 


Demaon,Tex 

Denver,  Colo 

Des  Moinea,  Iowa. 

DetroitkMioh 

Dodge  City,  Sana. 
Dubnoue,  Iowa . . . 

Duluth,  Minn 

Eagle  Paaa,  Tex.. 


fiastpoxt,  Me 


BdinborgfTex 

SlPa80,Tex 

Erie,  Pa 

Baoanaba,  Mioh 

Florence,  Aril 

Fort  Apaohe.  Aris 

Fort  AiwinniDoine,  Mont. 

Fort  Bennett,  Dak 

Fort  Benton,  Mont 

Fort  Bnford,  Dak 

Fort  Cneter,  Mont 

Fort  Davie,  Tex 


Fort  EUiott,  Tex 

Fort  Gibaon,  Ind.  Ter 

Fort  Grant,  Axis 

Fort  Griffin,  Tex. 

Fort  Keqgh,  Mont 

Fort  McKavett,  Tex . . .  .^. . 

Fort  Missoula,  Mont 

FortShaw.Mont 

Fort  Sill,  Ind.  Ter 

Fort  Stevenson,  Dak 

Fort  St  Michaers,  Alaska 

Fort  Yerde,  Ariz 

Fredericksbarg,  Tex 

Galveston,  Tex 

Grand  Haven,  Mich 

Helena,  Mont 

Henrietta,  Tex 


Indianapolis,  Ind 


Indianola,  Tex , 


Jackaboroogh,  Tex 


Jacksonville,  Fla 
Keoknk,  Iowa  . . . 
Key  West. Fla.. . 
Kittyhawk,K.C. 

Knoxville,  Tens . 


lACrosse,  Wis 

LiMeailla^lYewMex 


Stations 
established. 


Temperatni^ 


Sept.  16, 1874 

May  24, 1871 

Jnly    1,1879 
Nov.    1,1878 

Feb.    1,1876 


Deo. 
Nov. 
Aug. 
Nov. 
Sept. 
July 
Nov. 
Jul 


16, 1874 

19, 1871 

1,1878 

1,1870 

16. 1874 
10, 1873 

1,1870 

19. 1875 


Apr.    1.1873 


May 

Nov. 

May 

May 

Nov. 

Oct 

Oct 

Deo. 

Oct 
Oct 
Deo. 
Deo. 

Nov. 

Apr. 

Nov. 

July 
Nov. 
Oct 

Deo. 

Apr. 
June 
Sept 

June 

Nov. 
Mar. 
Apr. 
May 
Oct 

Feb. 


27,1877 

6,1877 

25. 1873 

24, 1871 

12,1874 
9,1877 
6,1879 

22,1879 

11, 1879 

23, 1878 

5,1878 

24. 1877 

28,1879 
1,1878 
1,1875 

1.1875 

18. 1878 
19, 1875 

15.1879 

1,1880 
28,1875 
19, 1878 

28. 1874 

9,1874 
14,1876 
19, 1871 
24,1871 
15,1879 

1,1877 


Feb.  10,1871 
May    1,1872 


May    8,1875 


Sept.  11, 1871 
July  16, 1871 
Nov.  1,1870 
Jan.  15,1875 

Jan.    1,1871 

Oct  15,1872 
June  16k  1876 


i 

m 

a 


{ 


o 
108 

96 

102 
101 

107 

109 
105 
103 
100 
108 
101 
96 
116 

88 

107     I 

109 
94 

92     ! 

116 
102.6 
95 

104 

108 
104 
103 
111 

102 

109 

103 

107.8 

109 

107 

100 

99 
106 
101 

75 

114 
104 

98.6 

92 

98 

105  I 
101  \ 
100     ' 


107 


104 

102 

97 

100 

100    I 

101 
107.6 


{ 


Date. 


I 


Jnly  20^881 
July  5,1874 
July  6,1874 
July  5,1880 
Aug.  7,1881 
July  21, 1879 
July  23, 1879 
Aug.  16, 1881 
July  19, 1881 
Aug.  8,1878 
Aug.  17, 1881 
July  17, 1878 
July  29, 1876 
July  6,1874 
July  18, 1878 
May  21, 1879 

Aug.   1,1880 


3 

-22 

-17 
-25 


July 
Aug. 
June 
July 
July 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
July 
July 
June 


28,1879 

3,1879 

24,1881 

17. 1878 
19, 1874 
20,1878 

31. 1879 
1,1881 
6.1881 
7.1881 

25,1881 
6.1881 
31, 1881 
80,1881 
23,1881 


July  20, 1881 

July  16,1879 

Aug.  14. 1879 

June  23, 1881 
July  30. 1881 
May  21. 1879 

Aug.  6,1881 

Aug.  6,1881 
July  21,1880 
July  3,1881 
June  28, 1876 
July  19, 1877 
July  2,1881 
May  21, 1879 
Aug.  14. 1874 
Aug.  29, 1881 
July  8.1880 
July  13, 1879 
Aug.  16, 1881 
July  10,1881 
Aug.  J2, 1881 
Aug.  16, 1874 
Aug.  2,1877 
July  14,1879 
July  23, 1879 
June  22, 1881 
June  23. 1881 
July  1,1881 
•July  11,1879 
Aug.  31, 1878 
July  19, 1880 
July  14,1876 
Jnly  12,1879 
Aug.  12, 1881 
Jidy  6,1874 
June  28, 1881 


} 


2 

1 
-29 
-21 
-24 
-19 
-31 
-38 
17 

-20  < 

21 

-  5 
-16 

I -32 

19 

-  9 
-42 

J -36 

-59 

-46 

-42 

Zero 

-12 

"{ 

4 

-46 

6 

-30 1 

-42 

-  9 
-46 

I -52 

6 

8 

18 

-24 

-40 


3 

-22 

14 


>"  2 


19 


} 


44 

8 

-14 

-43 
2 


Date. 


Jsn.    9, 1875 

Jan.    9, 1875 

Dec.  23,1879 
Dec.  17, 1878 

Jan.     6, 1879 


Jan. 
Jan. 
Jan. 
Dec 
JAa. 
Feb. 
Jan. 
Deo. 
Jan. 
Deo. 
Feb. 

Jan. 

Dec. 
Feb. 


6,1879 

9,1875 

8,1879 

22,1872 

18. 1875 

9,1875 

9,1875 

80,1880 

26,1874 

20,1876 

24,1876 

1,1881 

18,1880 
9,1875 


Feb.  7,1876 


Deo. 
Feb. 
Dec. 


25,1879 
4,1880(1 
29.1880 


Jan.  9, 1881 


Deo. 

Deo. 

Deo. 

Jan. 

Dec. 

Dec. 

Jan. 

Jan. 

Jan. 

Jan. 

Dec. 

Jan 

Jan. 

Jan. 

Deo. 

Jan. 

Dec. 

Feb. 

Deo. 
Deo. 
Deo. 
Feb. 
Dec. 

Nov. 


29.1880 
24, 1879 
29,1880 
10, 1881 
24.1879 
26.1879 
10, 1881 
18,1880 
23,1881 
10, 1881 
24.1879 

9.1879 
16. 1881 
17,1881 
29,1880 

6,1879 
24,1879 

6,1878 

26,1879 
29,1880 
29,1880 
9,1876 
80,1880 

18,1880 


Jan.  22,1879 
Dec.  29,1880 


Jan.  6,1879 


Dec.  80. 1880 
Deo.  24, 1872 
Dec.  2,1876 
Deo.  80, 1880 

Jan.  8,1877 

Jan.  18,1878 
Deo.  81,1880 


! 


o 

105 

120 

119 
126 

106 

108 
134 
124 
124 
127 
132 
134 
99 

106 

86 

,114 
^110 

124 

1U.6 
137 

140 

167 
150 
14« 

111 

112 
121 


108.3 

156 

101 

180 

141 
115 
147 

127 

106 

96 

80.6 
116 
138 

102 
128 


109 


85 

124 

58 

92 

U4 

144 
10S.8 


*  Station  at  Corsioaoa,  Texas,  closed  October  81, 1881. 
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Appendix  53.— To&Ie  showing  the  highest  and  lowest  temperatures,  ^c— Continaed. 


Btatimu. 


XiAMcIo,  Tex 

Leftven  worth,  Kans. 
Lewiaton, Idaho  .... 
Little  Book,  Ark.... 


Loe  Aogelee,  Cal. 


Louisyille, Ely  ... 

Lynchbnrs,  Va  . . 
Madiflon,  Wie  ... 
liarquettOt  Mioh . 

2ia8on,Tex 


Memphia,  Tflnn 

Milwaokee,  Wia 

HobUe,Al* 

Hontgomerv,  Ala 

.  Moorhead,  Minn 

21  organtown,  W.  Ya , 

Mount  Waahington,  N.  H 

KaahTiUe,  Tenn 

If ew  Haven,  Ck>nn 

New  London,  Conn 


Ifew  Orleana,  La. 


Ifewportk  B.  I. .. 
irewTork.N.Y 
Norfolk,  Va 


^8tatioB8 
eatabliahed. 


Dec.  16, 1875 
May  21, 1871 
July  1,1879 
Jnly    1,1879 

July    1,1877 

Sept.  11, 1871 

May  2i,1871 
Sept.  29. 1878 
May    1,1871 

Feb.    7.1876 


Feb. 

Nor. 
Nov. 
Nov. 
Jan. 
Jan. 
Deo. 
[Nov. 
Deo. 

Jan. 


28,1871 

1.1870 
7,1870 
9,1870 
1,1881 

2S.1873 
1,1870 
1,1870 

10, 1872 

10, 1871 


Not.  1,1870 

Aug.  1,1876 

Nov.  1,1870 

Jan.  1, 1871 

Sept  18, 1874 

July  1,1877 

Nov.  1,1870 

Oewego,N.Y Nov.  1,1870 


North  Platte,  Nebr 
Olympia.'Waah.... 
Omaha,  Nebr 


Pembina.  Dak.* iNov.    1,1872 


Penaacola,  Fla . 


Oct  27,1879 


Philadelphia,  Pa JaaL    1,1871 

Ph<BDix,ATis [May    0,1877 

Pikea  Peak,  Colo 'Nov.    1.1873 

Pioche.Nev '  Jniy  29, 1877 

Pittaburg.Pa INov.    1,1870 

Port  Huron,  Mich July  25,1874 

PorUand,Me Jan.  15,1^1 

Nov.    1,1871 

Apr.  23.1876 
Nov.  19, 1878 


Portland,  Ot^. . . 

Portamouth,  N.  C 
Praacott,  Aria  ... 


Punta  Baaaa,  Fla 


BedBlufl;Cal 


Bio  Grande  City,  Tex. 


Bochester,  N.  Y 

Boaebnrg,  Oreg 

Sacramento,  Cal 

Saint  Lonia.  Mo 

Saint  Paul,  Minn 

Saint  Panl'alaland,  Alaaka 

Saint  Vincent,  Minn 

Salt  Lake  City,  Utah 


Aug.  IS,  1871 


Temperature 


I 


May  28,1875 

Nov.    1,1870 

July  16. 1877 

July    1,1877 

Nov.'  1, 1870 
Nov.  1,1870 
Aug.  18, 1872 
Sepl  5,1880 
Mar.  22, 1874 


o 

111 
107 
103 
102 

103.6 
104.6 

'r 

100 
106     [ 

102 

98 

100.8 
106.9 

96.1 

97 

74 
104 
100 


{ 


July    1.1877    UasJ 


97 

92 

100.2 
102.6 

107 

06 

106     I 

100 
96 

10L6 

111 

64 

08 
102.7 

07 

97 

99 

94 
103 


03     i 


l^te. 


112 

96 
97 
103     \ 

106L4 

99 

62 

92.6 
101 


\ 


May  21, 1879 
Aug.  6,1874 
Jnly  24,1881 
Aug.  12, 1881 

June  2^1879 

Aug.  12, 1881 

July  13,1881 
Aug.  4,1881 
July  16, 1878 
July  13, 1879 
July  23, 1879 

Aug.  11, 1881 

Aug.  11, 1874 
July  8.1881 
July  7,1881 
July  14, 1881 
Jnly  8.1874 
Aug.  9,1872 
Aug.  11, 1874 
Sept.  7.1881 
July  9.1876 
July  19.1878 

June  22, 1881 


July 
Sept. 
July 

July 

June 
July 
Aug. 
July 
May 
June 
June 
July 

Sept. 

June 
July 
July 
July 
Sept 
July 

June 

July 
Jnly 
June 
Jnly 
July 
Aug. 
June 

Aug.  12. 1878 
Aug.  13, 1878 

Aug.  7,1877 
Aug.  21, 1877 
May  21, 1879 

Sept   6,1881 

July  16, 1880 
July  12,1877 
Aug.  1.1879 
Aug.  12, 1881 
July  6,1874 
Aug.  20. 1874 
July  1.1881 
Aug.   6,1875 


18. 1878 
7.1881 

10,1876 

6,1877 

6.1878 
26,1874 
10, 1874 

1.1878 

8,1874 
1«,1881 
20,1881 

9,1881 

7,1881 

17.1880 

19. 1879 
29,1878 
10. 1881 

6.1881 
18,1876 

17, 1876 

12, 1819 
29,1878 
27.1877 
8,1877 
29,1877 
81, 1879 
26.1880 


i 


o 
19 

-29 
6 
6 

80 


\ 


"  6 
-22 
-27 

I   • 

2: 

-23 
14 
8 
-88 
-10 
-49 

-  8 

-  6 

}-{ 


\ 


\-'- 


•  3 

-  6 

6 


! 


-14 
-69 

17 


-»{ 


18 
37 
13 
12 
20 
12 

8 


{ 


16 
•1» 


33 


26 


{ 


19 

23.6 

-16 
-39 
-22 
-44 
-10 


Date. 


Jan.  10, 
Jan.  29, 
Jan.  16, 
Deo.  29, 
Deo.  14, 
Deo.  26, 
Jan.  29, 
Jan.  9, 
Jan.  3, 
Deo.  31, 
Jan.  2, 
Feb.  12, 
Deo.  26, 
Jan.  10, 
Jan.  9, 
Jan.  10, 
Jan.  16; 
Deo.  80, 
Deo.  30, 
Jan.  18, 
Feb.  10, 
Mar.  6, 
Jan.  3, 
Jan.  1, 
Deo.  20, 
Deo.  80, 
Deo.  24, 
Jan.  6, 
Deo.  20. 
Deo.  20, 
Dec.  81, 
Dec  80, 
Deo.  24, 
Jan.  9, 
Deo.  23, 


1881 
1878 
1881 
1880 
1878 
1879 
1880 
1875 
1879 
1880 
1879 
1876 
1879 
1881 
1876 
1876 
1876 
1880 
1880 
1881 
1876 
ltf72 
1877 
1881 
1876 
1880 
1870 
1879 
1880 
1875 
1880 
1880 
1879 
1881 
1879 


Jan.  8, 1879 

Deo.  20, 1875 
Deo.  24, 1879 

Deo.  30,1880 


Jan. 
Deo. 
Deo. 
Feb. 
Deo. 
Jan. 
Feb. 
Deo. 
Jan. 
Deo. 
Dec. 
Deo. 


10,1876 
80,1880 
25,1879 

3.1875 
24,1879 
10, 1876 

0,1876 
20.1875 
14, 1876 
23.1879 
30,1880 
25,1879 


Jan.  7,1879 


JaaL  4,1878 
Deo.  27,1878 
Deo.  23, 1879 

JaaL    1, 1881 


Jan. 
Feb. 
Deo. 

Dec. 

Jan. 
Deo. 
Feb. 
Jan. 
Dec. 


80,1873 

9,1875 

21,1879 

29,1878 

9,1875 
25,1879 
—,1877 
31,1881 


I 


} 


\ 


98 

186 

98 

96 

73.6 


114.6 

106.8 

117 

127 

96 

100 

121 
86.8 
96.9 

128.1 

107 

128 

112 

106 

04 


77 

96 

106.2 
96.6 

184 

87 

127 

114 
166 

80 

10&6 

93 
101 
111 
114.7 
117 
100 

96 

79 
121 


60 


25,1879 
*  Station  at  Pembina,  Dak.,  moved  to  Saint  Vinoent,>Minn.,  on  September  4, 1880. 


86.6 


110 

90 

79.6 

122.4 
138 
84    , 
136L6 
Ul 
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Appbndiz  53.—Tabte  »k«iei»g  A«  ltig\«tt  a*d  tcxcwl  tmtptraimrm,  ^.— CimtiDa«d. 


II 


Sci>t.ia,urB 
Lien 

Ang.  3,1877 

sllSTl 

No*.  3D,1?H 
J«n.  1,1m 
Hapt.  3.1071 
Umj  18,1178 
— -  10,1881 
13,1878 

8,1881 

/nly    1,1879 

Jnly  » 

V96.  M 


Jul*  IS 
Sipl   e 


^; 


Aug.  8,1877 
Sept.  11, 1878 
Ang.  U,  188] 
SeiS.  7    "" 

Aug.   1,1878 
lUD         ,JdIt  12,  ia7B 
107         Jolr  18, 1878 
-         Jnn«lt,1881 
Aug.  It,  1881 

Jol;  %1B81 
Jul;  11,187> 
July    8,^"- 

JiUMlO, 

Jute  17, 1881 
JimaZ8;lB81 
JdIt  17, 1880 
May  II,  im 
Jnoe  It.  1881 
Jdim  1. 1878 
Sept  7,1881 
AoF.  U,  1877 
Jaly  IS,  1878 
Jolv  m,  1877 
Jul;  ft  1876 
Aug.  11, 1878 


Ju.  81,1880 
Jis.  8,1870 
Dm.  80,1881 
Dae.  31,1878 
Dm.  38,1878 
Dec.  80,1888 
Jul  8.1879 
Dm.  n.  1880 


a,; 


_r*iL  10,1881 
Dm.  80,1880 
Dee.  I%1B73 
July  80, 1880 
Dee.  38,1979 
Deo.  ;r,  1879 
Jan.  t0,18rs 
Dee.  37,1878 
Jul  1.18B1 
Dm.  18,1878 
Dee.  30, 1880 
Dm  M.ISTB 
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APPENDIX  55. 

I 

Showing  $iaHan$  itupecied,  iy  whom,  and  wkm  impedodf  during  flaoal  year  ending  June  90. 

1862. 


Station. 


Albmy.K.Y 

Ahnoti^WMh 

AlponfttMloh 

Atiuita,Gft 

Atljuitlo  City,  K.J 

Baltimore,  lid 

Baogor.Me.t 

Bamegat^K.  J 

BoothDaTrHe 

Boaton,  Mass 

BuflUo,  K.  7. ......... 

BarliDgton.  Yt 

Brackettvilla,  Tez 

Browoiivjlle,  Tex 

Cape  Henry,  Ya 

Cape  May.  If.  J 

Chatham.  Jiaas 

Cheyenne,  Wyo 

Chicago,  111 

Chincoteague,  Ya 

•  CbarleatoD,  S.  C 

Cincinnati.  Ohio 

Cityl8land.K.Y 

Cleroland.  Ohio 

CcDor  d'Alene  (Fort), 

Idaho. 

Colfl»,Waah 

Coleman,  Tex 

Colorado  Springa,  Colo. 
Colorado  Springa  rap- 

ply  station,  Cola 

'  Concho  (Fort),  Tex 

Davis  (Fort),  Tex 

Dayton.  Wash 

Deer  Isle,  He 

Delaware  Breakwater, 

Del. 

Detroit  Mich 

Denver,  Colo 

Baatport,  Me 

£1  Paso,  Tex 

Erie,  Pa 

Escanaha,  Mich 

FaU  River,  Mass 

Florence,  Aria 

Grand  Haven,  Mich  . . . 
Griffin  (Fort),  Tex — 

Gloncester,  Mass 

Henrietta,  Tex 

Highland  Light,  Mass 

Hyannis,  Ma»s 

Indianapolia,  Ind 

Jaoksboro,  Tex 

LaMeailla,K.Mex... 

Laredo.  Tex 

Lapwai,  Idaho 

Lewlaton,  Idaho 

Los  Anecle*,  Cal 

Louisville,  Ky..: 

Lvnn,  Mass 

Marqnette,  Mich 

Marblehead,  Mass  — 

Maricopa,  Aris 

Memphis,  Tenn 

Milwaukee,  Wis 

Montgomery.  Ala 

Mt.  Washington,  K.  H 
Nashville,  Tenn 


By  whom  inspected. 


Second  Lient  J.  &  PoweU,  Signal  Corpa,  U.  8.  A 

First  XJent.  C.  B.  KUbonrae.  acting  algnal-oflioer 

Second  Lient  J.  &  Powell,  Signal  Corps,  IT.  &  A 

First  Lient  James  Allen,  acting  signal-oiBcer 

Seoond  Lient  J.  &  Powell,  Signal  Corps,  U.S.  A 

do 

do 

do f 

First  Lieut  J.  P.  Story,  acting  8ignal<oiBoer 

Second  Lieut  J.  S.  PoweU,  SignaTCorps,  U.  B.  A 

>«>•••  do  .................••«••.■•••....•.•....•>...•.•.. 

do 

Second  Lieut  L.E.Sebiee,  Signal  Corpa,  n.&  A 

do 

First  Lieut  W.  B.  Birkhimer,  acting  aignal-otBoer , 

Second  lieut  J.  S.  Powell,  Signal  (^rpa.  U.  S.  A 

First  Lieut  J.  P.  Story,  acting  slgnal'Oi&oer 

First  Lieut  C.  E.  Kilboume.  actug  signal«oiBcer 

Second  Lient  J.  S.  Powell,  Signal  Corpa,  U.  S.  A 

.....  do 

First  Lieut  Jamea  AUen,  acting  aignal-oilicer 

, do 

First  Lieut  J.  P.  Story,  acting  algnal-oiBcer 

Second  Lieut  J.  &  PoweU,  SignalCorpa,  U.  &  A , 

Firat  Lieut  C.  E.  Kilboume,  acting  slgnal-offlcer 


Wben  inapected. 


do 


Second  Lieut  W.  A.  Glasaford,  Signal  Corpa,  U.  &  A. 

do 

do 


do 
do 


First  Lieut.  C.  E.  Kilboume,  acting  signal-officer. 

First  Lient.  J.  P.  Story,  acting  signal-officer 

Second  Lieut  J.  &  PoweU,  SignaTCorps,  U.  S.  A  . 


do 


Second  Lieut.  W.  A.  Glassford,  Signal  Corpa,  U.  S.  A. . . 

Second  Lieut  J.  S.  Powell,  Signal  Corpa,  U.  8.  A 

Second  Lieut  W.  A.  Glassfoxd,  Signsl  Corps,  U.  &  A. . . 

Second  Lieut  J.  S.  PoweU,  Signal  Corps,  U.  S.  A 

do 

First  Lieut  J.  P.  Story,  acting  signal-officer 

Second  Lieut  W.  A.  GUMsford,  Signal  Corps.  U.  &  A . . . 

Second  Lieut  J.  S.  PoweU,  Signal  Cons.  U.  &  A 

Second  Lient  W.  A.  Glaasfoxd,  Signal  Corps,  U.  &  A . . . 

First  Lient  J.  P.  Story,  acting  algnal-offlcer 

Second  Lieut  W.  A.  GlasafoM,  Signal  Corpa,  U.  S.  A. . . 

First  Lieut.  J.  P.  Story,  acting  signal-officer 

do 

First  Lient  Jamea  AUen,  acting  signal-officer 

Second  Lieut  W.  A.  Glassford,  Signal  Corps,  U.  S.  A. . . 

do 

Second  Lient  L.  E.  Sebree,  Signal  Corps,  U.  S.  A 

First  Lieat.  C.  B.  Eilbonme,  acting  signal-officer 

do 

do 

First  Lient.  James  Allen,  acting  signal-officer 

First  Lieut  J.  P.  Story,  acting  signal-officer 

Second  Lieut  J.  a  Powell.  SignaTCorps,  U.  a  A 

First  Lient.  J.  P.  Story,  acting  signal-officer 

First  Lieut  C.  E.  Kilboume,  actine  signal-officer 

First  Lient  James  AUen,  acting  slgnTl'Officer 

Second  Lient  J.  S.  Powell.  Signal  Corps,  IT.  a  A 

First  Lient.  James  Allen,  actiu);  sisnal-officer 

Second  Lient.  J.  S.  Pciwell,  Si^al  Corps,  U.  a  A 

First  Lieut.  Jsines  Allen,  acting  signal-officer 


Dec.  28-24, 1881. 
December  8-9, 1881. 
November  28, 1881. 
Deo.  18-18, 1881. 
February  2fr-26, 1882. 
Febraaty  10-11, 1882. 
January  8-4, 1882. 
Febraary  27-28, 1888. 
September  18, 1881. 
January  14-17, 1882. 
Dec.  13-16. 1881. 
Dec  26-27. 1881. 
March  2»-31, 1882. 
March  12-16, 1882. 
September  7-0, 1881. 
Febmary  23-24, 1882. 
September  20, 1881. 
AprU  24-28, 1882. 
Kov.  19-22, 1881. 
Febraary  20-21, 1882. 
Dec.  22.  &,  1881. 
Nov.  18-10. 1881. 
September  23, 1881. 
December  9-10, 1881. 
December  1-2, 1881. 

December  8, 188L 
Nov.  26-27, 1881. 
January  4-10, 1882. 
Do. 

Nov.  17-18, 1881. 
Nov.  7-10. 1881. 
Deo.  18-20. 1881. 
September  14. 1881. 
February  10, 1882. 

December  2-4. 1881. 
Dec.  26-80, 1881. 
January  6-8, 1882. 
November  1-3, 1881. 
Deo.  11-12, 1881. 
Nov.  14-16,  1881. 
September  7, 1881. 
October  21-23, 1881. 
Nov.  23-25, 1881. 
Nov.  30-Dec.  1, 1881. 
September  18. 1881. 
Dec  11>12. 1881. 
September  10, 1881. 
September  20, 1881. 
Nov.  23-25,  lt>81. 
December  6-7, 1881. 
October  SO-3 1,1881. 
Janaary  17-10, 1882. 
December  12, 1881. 
Dec  10-12. 1881. 
February  3-6. 1882. 
Nov.  20-22. 1881. 
September  17, 1881. 
Nov.  13-14, 18H1. 
September  17, 188L 
February  11-13, 1882. 
December  2-3, 188L 
Nov.  17-18, 1881. 
Dec.14-15,1881. 
Dec.  28-30, 1881. 
December  4-0. 1881. 
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Stations  inspected,  hy  whom,  and  when  inspected,  during  fiscal  year,  ^c. — Continued. 


Station. 


ISew  Bedford,  Maas  . . 
Kewbnryport,  Mass  . . 
ISiew  HftTen,  Conn .... 
New  Haven  LiKbt,Oom) 
Now  London,'  Conn  . . . 

New  Orleanil  La 

Newport,  R.  I        

New  Shoreham.  B.  I . . 

New  York,  N.Y 

Norfolk.  Va 

North  Platte,  Nebr... 

Olympla,  Wash 

Oswego,  N.  Y 


Omaha,  Nebr 

Philadelphia,  Pa 

Phoenix.  Ails 

Pioche,NeT 

Pike's  Peak,  Colo 

Pittsbnrgh,  Pa 

Prescott,  Arif 

Prescott,    Aris.    (city 

office). 
Provlncctown,  Mass.. . 

Port- Ilaroii,  Mich 

PortlauU,  Mu 


Portland,  Onrg 


PonieroY,  Wash 

Portsmouth,  N.  fl 

BedBIairCal 

Bio  Grande  City,  Tex  . 

Rochester,  N.  Y 

^wkland,  Me 

Roseborg,  Oreg 

Sacramento,  Cal 

San  Diego,  Cal 

Sandnsky,  Ohio 

Santa  F«,  N.  Mez 

Sandy  Hook,  N.  J 

San  Francisco,  Cal 

Salt  Lake  City,  Utah  .. 

Savannah,  Oa 

Sill  (Fort),  Ind.Ter.... 
surer  City.  N.Mex.... 
Sootheast  Light,  R.I.. 
Spokane  Falls,  Wash .. 

Springfield,  Mass 

Stewart's  Ranch,  Aria . 

Saint  Lonis,  Mo 

Stockton,  Tex 

Stonington,  Conn 

Thatcher's  Island,  Maas 

Toledo,  Ohio 

Tucson.  Aris 

UmatilbhOreg 

Verde  (Fort),  Aria  ... 

Visalia,Cal 

Wickenbnrg,  Ariz .... 

Winnemncoa,  Nov 

Wilmington,  N.  C  . . . . 
Wood'aHolI,Mass.... 
Ynma,  Aris 


By  whom  inspected. 


First  Lieot  J.  I*.  Story,  acting  sigoal-offloer 

do        

Second  Lieut  J.  S.  Powell,  Signal  Corps.  U.  S.  A . . . 

First  Lient  J.  P.  Story,  acting  aignal-offloer 

Second  Lieut. J. S. Powell, SignalCorpe,  17. S. A. . . 

Fit  St  Lieut.  James  Allen,  acting  signal*offioer 

Second  Lieut  J.  S.  Powell,  Signal  Corps,  U.  S.  A. . . 

do — 

do 

First  Lieut^  W.  K  Birkhimor,  acting  signal-officer 
First  Lfout  C.  E.  Kilbourne,  acting  signal-officer. . 
Second  Lieut  J.  K.  Powell,  Signal  Corps,  U.  S  A . . . 
Firat  Lieut.  C.  E.  Eilbonme,  aotiag  signal-officer. . 


do 


Second  Lient  J.  S.  Powell,  Signal  Corps,  U.  S  A 

First  Lient  C.  E.  Eilbonme,  acting  signal-officer 

do 

Second  Lient  W.  A.  Glasaford,  Signal  Corpa,  U.  S.  A . 

Second  lient  J.  S.  Powell.  Signal  Corpa,  U.  S.  A 

First  Lieut  C.  B.  KUbonme,  acting  signai-officer 

do 


When  inspected. 


First  Lient  J.  P.  Story,  oct-ing  signal-officer 

Second  Lient.  J.  8.  Powell,  SignaTCorps,  U.  S.  A 
do    


First  Lient  C.  B.  Eilboume,  acting  signal-officer 


do 


First  Lieut  J.  P.  Story,  acting  signal-officer 

First  Lient  C.  E.  Kilbonme.  acting  signal-officer 

Second  Lieut  L  £.  Sebree,  Signal  Corps,  n.  S.  A 

Second  Lient  J.  S.  Powdl,  Signal  Corps.  TJ.  S.  A 

First  Lieut  J.  P.  Story,  acting  signal-officer .>. 

First  Lieut  C.  B.  KUboume,  acting  signal-officer 

do 

do 

Second  Lient.  J.  S.  Powell,  Signal  CoTps.  U.  S.  A 

Second  Lieut  W.  A.  Glassford,  Signal  Corps,  IT.  S  A . . . 

Second  Lieut  J.  S.  PoweU,  Signal  Corps,  U.  8.  A 

First  Lient  C.  E.  Eilbonme,  acting  signal-officer 

do 

First  Lieut  James  Allen,  acting  signal-officer 

Second  Lieut  W.  A.  Glasaford,  Signal  Corps,  U.  &  A . . . 

do 

First  Lieut  J.  P.  Story,  acting  signal-officer 

First  Lient  C.  E.  Eilboume,  actinjK  aignal-offloer 

Second  Lient  J.  S.  PoweU,  Signal  Corps.  IT.  S.  A 

Second  Lieut  W.  A.  Glasaford,  Signal  Corps,  XT.  S.  A  . . . 

First  Lieut  James  Allen,  acting  aignal-ofScer 

Second  Lieut  W.  A.  Glassford,  Signal  Corps,  U.  S.  A . . . 

First  Lieut  J.  P.  Story,  acting  signal-officer 

Second  Lient  J.  S.  PoweU,  SignaTCorps,  U.  S.  A 

do 

Second  Lient  W.  A.  Glasaford.  Signal  Corps,  17.  S.  A. . . 

First  Lieut  C.  B.  KUboume,  aotug  signal-officer 

do 

do ■. 

do 

do 

First  Lieut.  James  Allen,  acting  signal-officer 

Second  Lient  J.  S.  Powell,  Signal  Corps,  U.  S.  A 

First  Lient  C.  E.  B^bonme,  acting  ngnal-officer 


September  21, 1881. 
September  12. 1881. 
January  28-30. 1882. 
September  S.  188L 
Jan.  31-Peb.  1.1882. 
December  8-12, 1881. 
January  20-21, 1882. 
January  21-22, 1681 
February  2-^  1882. 
September  5-7, 188L 
April  27-28. 1883. 
Dec  20-21. 188L 
Dec  31, 1881--Jan.  ^ 

1882. 
April  2S-May  2. 1882. 
February  6-8. 1883. 
Fobraary  1&.16, 1882. 
April  17-19. 1882. 
January  4-10, 1882. 
Nori'mbeiH-ll,]88L 
February  22-28, 1882. 
February  27, 1882. 

September  19. 188L 
Nov.  30-Dec.  1. 188L 
December  31,    1881- 

January  2.  1882. 
Nov.  28,  and  Dec.  23- 

27.  1881. 
December  13-15,1881. 
September  12. 188L 
January  21-23, 1882. 
May  20-22, 1882. 
Dec  1(^19, 1881. 
September  18, 1881. 
Dec  28-29, 188L 
January  17-20. 1882. 
Jan.  28-Feb.  1, 1881 
December  7-8, 188L 
October  1-8. 188L 
March  1-2, 1882. 
Nov.  15-21. 1881. 
April  10-13, 1882. 
Dec.  19-21, 1881. 
Dec.  16-18. 1881. 
October  12-13, 188L 
September  7, 1881. 
December  3-4, 1S91. 
Januar>-  27-28^  1882. 
October  25-27, 188L 
Nov.  26-30. 1881. 
Nov.  12-15, 188L 
September  6, 188L 
January  12-13, 1882. 
December  4-6, 1881. 
October  16-19, 1881. 
Dec  21-22. 1881. 
March  9-3. 1882. 
March  7-8, 1882. 
Fobraary  18-20, 1881. 
April  5-8,  Hf92, 
Dec.  24-25,1881. 
January  18-19. 1882. 
Febraary  8-10, 1882. 


APPENDIX    s6. 

List  of  Bonrd8  of  Tirade^  Ckambera  of  Commerce,  and  other  organieaiions  which  had  on 
June  30,  1862,  appointed  permanent  oommitteee  to  confer  with  the  Chirf  Signal  Officer  of 
the  Army, 


Name  of  organizaUon. 


Chamber  of  Commerce 


Board  of  Trade,  Bnflklo 
Boaid  of  Trade,  Detroit 


Board  of  Trade,  Chicago 

Chamber  of  Commerce,  Milwaukee 
Chamber  of  Commerce,  Dulath. . . . 


Board  of  Trade,  Baltimore , 


Board  of  Trade,  Cleveland 

Chamber  of  Commerce,  Charleeton. 
Chamber  of  Commerce,  Memphis.. 

Board  of  Trade,  Oswego 


Committee  appointed  by  mayor, 
Rochester. 

Board  of  Trade,  Portland 

Board  of  Trade.  Mobile 


Chamber  of  Commerce,  Wilmington 

Board  of  Trade,  Indianapolis 

Chamber  of  Commerce,  Saint  Paul. 

Board  of  Trade,  Davenport 

^oard  of  Trade,  La  Crosse 


Cotton  Exchange,  New  Orleans 

Chamber  of  Commerce.  New  Haven. 

Chamber  of  Commerce,  Cairo 

Board  of  Trade,  Cincinnati 


Board  of  Trade,  Dubuque 
Board  of  Trade,  Albany . . 


Board  of  Trade,  Louisville 


Meteorological  C<mimittee,  Spring* 
field. 

Meteorological  Committee,  New- 
port 

Chamber  of  Commerce,  Cincinnati . 


Board  of  Health.  Nashville. . 
Cotton  Exchange,  Savannah. 
Cotton  Exchange,  Nashville . 
Merchants'  Club,  Omaha  — 


Chamber  of  Commerce,  San  Fran- 
cisco. 

Polytechnic  Society  of  Kentucky, 
Lbnisvillo. 

Meteorological  Committee,  Indian* 
ola. 

Cotton  Exchange,  Mobile  

Merchautu'  Exchange,  Baltimore  . . 

Board  of  Trade,  Omaha 


Maritime  Exchange,  Philadelphia. . 
Chamber  of  Commerce,  Los  An-^ 
geles. 


.do 

Michigan 


Illinois  .... 

Wisconsin 

Minnesota 


Maryland. 


Ohio 

South  Carolina. 
Tennessee 


New  York 
do 


Maine  ... 
Alabama. 


North  Carolina 

Ti?di«fc»T^ 

Minnesota 

Iowa 

Wisconsin 


Louisiana... 
Connecticut 

Illinois 

Ohio 


Iowa  

Now  York 


Kentucky 

Massachusetts.. 
Bhode Island  ... 


Ohio 


Tennessee 
Georgia — 
Tennessee 
Nebraska . 


California. 
Kentucky 
Texas 


Alabama.. 
Maryland . 
Nebraska . 


Pennsylvania 
Calif omia  ... 


Committee. 


Edward  Hincken,  F.  B.  Thurber,  George  W. 

Blunt,  James  S.  T.  Stnnahan,  James  H. 

F»*'?tbini*ham. 
A  RichmouU,  G.  S.  Hazard,  J.  H.  Yooght. 
Theodore  P.  Hall,  James  ^lynn,  A  G.  Hib- 

banL 
W.  B.Walker,  J.  J.  McDermid,  J.  H.French. 
John  L.  Hathaway,  J.  B.  Merrill,  £.  M.  Peck 
Charles  F.  Johnson,  Dr.  Y.  Smith,  M.  J. 

Forbes. 
R.W.  Cator,  W.  G.  Bowdpin.  D.  L.  Bartlett, 

German  H.  Hunt,  Frank  Jenkins. 
B.  K.  Winslow,  R.  F.  Lyon,  J.  C.  Sage. 

E.  H.  Frost,  W.  P.  Hall,  F.  W.  Dawson. 

B.  J.  Semmes,    Thomas   H.  Allen,  W.  P. 
Proudflt. 

J«L.  McWhorter,  A.  H.  Failing,  W.  R. 

Hosmer. 
George  Sohofield,  John  Siddons. 

F.  K.  Arnold,  C.  H.  DoddXol.  J.  McCracken. 
Hon.  P.  Hamilton,  T.  Henry,  esq.,  F.  G. 

Bromberg. 
A.  H.  Yan  Bokkelen,  George  Haniss,  W. 

L.  De  RoBsett. 
J.  H.  Holliday,  J.  H.  Steiner,  Y.  K.  Hend- 
ricks, F.  M.  Churchman,  W.  J.  Holliday. 
R.  O.  Sweeney,  Rev.  D.  R.  Breed,  M.  N. 

Kellog. 
James  M.  Dalael,  F.  W.  Angell,  Charles  E. 

Beiilerbecke. 
William  W.Jones,  D.  A.  McDonald,  David 

Austin. 
C.'Bussey,  G.  W.  Embry,  James  H.  Allen. 
Hon.  Henry  G.  Lewis,  Johnson  T.  Piatt 
W.  P,  Halliday,  Peter  Cuhl, 
Charles  H.  Larr,   George  Merrell,    Alex. 

Hill,  A.  C.  Neave,  F.  H.  Lawson. 
Dr.  Asa  Hon*,  J.  S.  HetherinKton. 
E.  A.  Durant,  Jr.,  John  H.  Reynolds,  C.  B. 

Tillinghast. 
W.  R  Belknap,  Dr.  James  W.  Holland,  J.  B. 

E.  W.  Bond,  H.  C.  Lee,  J.  G.  Benton,  E.  In- 

fersoll.  S.  D.  Brooks,  A.  P.  Stone. 
;.  Bailey,  S.  W.  lylaoy,  Benjamin  Finch, 
Thomas  Cogeshall,  L.  P.  Clarke,  S.  H. 
Norman,  S.  Powell. 
William  S.  Munson,  A.  Erkenbrechor,  H. 

Goepper. 
J.  D.  Plunkett. 

C.  M.  Hoist,  A.  L.  Hartridge,  E.  M.  Green. 
John  F.  Wheeless. 

James  £.  Boyd,  G.  H.  Collins,  0.  H.  Ballon, 

William  Stephens. 
Capt  William  L.  Merry,  W.  W.  Dodge,  J.  S. 

Taber. 
Prof.  T.  W.  Tobin,  Dr.  J.  A.  Ooterlong,  £. 
A.  Grant,  M.  D. 
H.  J.  Huck,  J.  H.  Dale,  D.  Sullivan,   E. 

ReiiTei-t 
W.  H.  Gardner,  J.  A.  McCarr,  A  Proskaner. 
W.  G.  Atkinson,  W.  G.  LoudJ^O.  M.  Yesper. 
Thomas  Gibson,  Charles  F.  Goodman,  D.  S. 

Barriger. 
E.  K  Stevenson,  P.  A.  Decaw,  F.  W.  Taylor. 
Dr.  J.  P.  Widney,  J.  de  Barth  Shorb,  I.  W. 

Lord. 
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I4at  of  Boards  of  Trader  Chambers  of  Commerce,  and  other  organization $,  fv, — Continued. 


Name  of  organisation. 


Meteorological  Committee,  San- 
dusky. 

Cotton  Exohange,  Norfolk 

Chamber  of  Commerce,  Astoria  . . 

Cool,  Iron,  and  Manufacturers' 
Association,  Chattanooga. 

Committee  appointed  by  mayor, 
New  London. 

Board  of  Trade,  Springfield 

Cotton   and   Prodaoe   Exohange, 

Little  Rock. 
Merchants*  Exchange,  Saint  Louis 

Cotton  Exchange,  Shreveport .... 

Society  of  Natural  History,  Ssn 

Diego. 
Produce  Exohange,  Toledo 

Cotton  Exchange,  Memphis 

Society  of  Arts,  Maasaohusetts 
Institnte  of  Technology,  Boston. 


State. 


Ohio 

Yirglnia 

Oregon 

Tennessee 

Connecticut 

nUnois 

Arkansas 

Missonri 

Louisiana 

California 

Ohio 

Tennessee 

Massaohnsetts... 
1 


Committee. 


J.  O.  Moas,  R.  B.  Hubbard,  C.  N.  Ryan. 

6.  L.  Arps.  H  S.  Reynolds,  J.  N.  Vanghaa. 

Angnstus  C.  Kinney,  C.  L.  Parker,  J.  H. 
Robb. 

R<;v.  J.  W.  Bachman,  J.  T.  HUl,  John  C. 
Griffis. 

James  Fitch,  E.  A.  Delanoy.  R  M.  Water- 
man, Loouanl  Smith,  C.  w.  Woodbridge. 
G.  F.  Marshall,  H.  S.  Bartlett 

Frank  Fleury,  Immc  H.  Haw  ley,  £.  P.  Bnr- 
llngham,  M.  6.  HalL 


►arragh,  John  E.  Rearden. 
Capt  £.  W.  Gould.  Capt.  J.  P.  Keiser,  Capt. 


Logan  H.  Roots,John  G.  Fletcher,  J.  T. 

Da 

apt 

S.  W.  McMnnn,  Marcus  A.  WollZ;  Peter 

Lehman,  T.  O.  Conant. 
C.  H.    Minge.    C.    G.    Thurmont,    H.    R. 

Johnston. 
G.  W.  Barnes,  C.  J.  Fox,  E.  J.  Bnell. 

W.  T.  Walker.  W.  H.  Bellman,  H.  D.  Wal- 
bridge. 

Clarence  P.  Hnnt,  Jos.  lUdesley,  James 
Connor,  Michael  Bnrke,  B.  J.  Koolman,  J. 
N.  Snowden,  J.  T.  Day,  B.  Lflwenstein. 

W.  H.  Niles,  J.  A.  Dresser,  George  L.  Rob- 
erts. 


APPENDIX  57. 

War  Department, 
OpricE  OF  THE  Chief  Signal  Officer, 

WathingUmj  Z>.  C,  Augmt  19, 1882. 

The  Chief  Signal  Officer  : 

Sir  :  I  have  the  honor  to  state  that  the  work  on  the  revision  of  the  circular  of  March 
15, 1875,  relative  to  danger  lines,  havins  been  intrnsted  to  Mr.  H.  A.  Hazen,  I  have 
also,  therefore,  given  him  the  work  on  the  cognate  subject,  namely,  the  compilation 
of  the  reports  relative  to  the  floods  of  Biarch,  1882,  which  latter  were  recently  trans- 
ferred from  the  Fact  Room  to  the  Study  Room.  As  the  latter  work  presupposes  the 
completion  of  the  fbrmer,  I  have  the  honor  to  present  the  following  report  thereon 
in  anticipation  of  the  completion  of  both  works. 
Very  respectfully, 

CLEVELAND  ABBE, 
Profeuor  and  Assiitant  0,  C.  8,  0. 


THE   REVISION  OF  THE  CIRCULAR  ON  DANGER  LINES,   DATED  MARCH 

15,  1875. 

The  accompanying  order  No.  48,  of  June  27,  1881,  was  prepared  by  Lieut.  A.  W. 
Greely,  and  this  report  is  made  from  the  replies  to  this  order.  Many  delays  have 
occurred  in  the  issue  of  this  revision  owing  to  defective  replies  and  neglect  on  the 
part  of  observers  in  delaying  answers.  Several  of  the  stations  have  not  yet  replied, 
though  every  effort  has  been  put  forth  to  obtain  replies.  I  have  arranged,  1,  in  a  con- 
venient form  for  reference,  all  the  essential  points  relAting  to  river  gaui^es ;  2,  as  the 
information  relating  to  danger  lines  seemed  of  great  importance,  there  is  given  nearly 
a  complete  coj>y  of  the  observers'  notes  relating  thereto;  3  tables  of  highest  and  lowest 
waters  are  siven. 

It  should  DC  borne  in  mind  that  as  no  expense  was  provided  for  in  determining 
levels,  many  of  the  elevations  herein  given  are  only  approximate ;  this  is  especially 
so  in  regard  to  the  elevations  above  sea  of  all  gauges,  except  those  at  regular  Signal 
Service  meteorological  stations. 

The  work  of  compilation  has  been  done  by — 

H.  A.  HAZEN, 
Omputer,  0.  C.  8.  0. 

[Signal-Servloe  Orders  No.  48.] 

War  Department, 
Office  of  the  Chief  Signal  Officer, 

Waahingtan,  Z>.  C,  June  27,  1881. 

The  following  reports  will  be  prepared  and  forwarded,  without  unnecessary  delay, 
to  this  office  from  all  river  stations : 

First.  Report  what  low-water  or  other  stage  of  the  river  is  adopted  as  the  zero  of 
the  station-gauge,  and  why  this  was  assumed^  with  a  statement  of  the  corresponding 
depths  of  water  in  the  channel  or  on  the  bars,  which  were  used  as  reference  points  at 
that  station  in  the  establishment  of  the  zero  point. 

Second.  State  whether  the  river  Ranges  at  your  station  are  estimated  in  feet  and 
inches,  in  feet  and  hundredths  (or  whatever  the  system  of  notation  on  the  scale). 

Third.  A  statement  of  the  readings  of  station  river-gauges  for  highest  and  lowest 
water  of  each  year,  with  the  respective  dates,  since  the  station  was  established.  If 
the  station-gauge  was  in  use  before  the  Signal  Service  station  was  established,  give 
these  data,  as  far  back  as  attainable,  with  name  of  observer. 

Fourth.  A  statement  of  the  readings  of  an^  other  river-gauges  by  whomsoever  kept 
in  the  immediate  vicinity  of  the  station,  giving  the  highest  and  lowest  water  for  each 
year,  with  the  name  of  person  who  kept  the  record.  If  such  record  has  been  kept 
simultaneously  with  that  of  the  regular  station,  state,  bv  the  mean  of  at  least  ten 
simultaneous  readings  during  some  period  of  low  water,  the  oompaiative  zero  of  the 
two  gauges. 
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Fifth.  For  records  of  similar  data  not  now  accessible  at  the  station,  state  by  whom 
and  for  what  periods  kept,  and  if  accessible  elsewhere,  in  whose  possession  and  where 
at  the  present  time. 

Sixth.  A  statement  of  the  horizontal  distance  along  the  riyer  channel,  in  miles  and 
feet,  of  all  gauges  from  the  station-gauge,  and  whether  up  or  down  stream ;  this 
statement  to  cover  all  the  gauges  reported  upon  under  the  second  and  fourth  heads 
of  this  order. 

Seventh.  A  statement  of  the  reading  on  the  station-gauge  corresponding  to  the  be- 
ginning of  ''Danger,''  the  nature  of  the  danger,  and  at  what  reading  it  is  ex- 
tensively threatened. 

Eighth.  Report  in  detail,  so  far  as  it  can  be  accurately  ascertained,  the  differences 
of  level,  in  feet  and  inches,  between  the  zeros  of  all  the  gauges  and  the  following 
points,  viz:  1,  the  beds  of  bailroad  tracks  at  all  the  neighboring  depots ;  2,  the  bench- 
marks of  canals ;  3,  the  planes  of  reference  adopted  by  the  city  or  town  engineers  in 
their  surveys ;  4,  the  cistern  of  the  Signal  Service  barometer  at  the  station. 

Ninth.  Rieport  upon  any  well-defined  and  well-authenticated  marks  now  existing, 
showing  the  height  attained  by  special  floods  and  low  waters  not  otherwise  recorded 
on  the  station-gange,  or  which  exceeded  its  extreme  limits.  State  what  these  ex- 
treme high  or  low  water  marks  would  be  relatively  to  the  zero  of  the  statioii-gau^, 
if  these  data  can  be  furnished  without  the  cost  of  running  levels,  and  what  extension 
of  the  station-gauge  is  necessary  to  cover  these  extreme  cases. 

Tenth.  Give  any  additional  information  or  explanation  of  the  foregoing  that  may 
be  useful  in  revising  and  extending  the  circular  on  Danger  Lines,  datea  March  15, 
1875  (see  Annual  Report  of  Chief  Signal  Officer,  1H75,  pp.  357-361),  and  Special  Re- 
ports of  Lieut.  A.  W.  Greely  (Annual  Report  of  Chief  Signal  Officer,  1874,  pp.  312- 
322).  Thus,  every  change  in  the  elevation  of  the  gauges,  or  of  the  zeros  of  any  of 
these  gau^,  should  be  noted,  and  the  exact  extent  and  date  of  the  change  reported. 
The  building  of  bridges,  dams,  canals,  or  other  obstructions,  or  their  removal  if  suffi- 
cient to  retard  or  impede  the  flow  of  the  river,  and  thus  affect  the  height  of  water  on 
the  gauges,  should  be  noted,  with  the  date  of  such  changes.  These  reports  are  not 
to  involve  increased  expenses  at  any  station,  and  no  expenses  will  be  approved  which 
have  not  b^n  estimate  for,  and  approved  and  ordered  from  this  office  before  they 
were  undertaken. 

By  order  of  the  Chief  Signal  Officer. 

LOUIS  V.  CAZIARC, 
<   First  Lieutenant  Second  Artillery ,  Acting  Signal  Officer. 
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ADDITIONAL  NOTES  RELATING  TO  DANGER  LINES. 

AUGUSTA,  GA. 

The  peculiar  topography  of  the  country  Surrounding  this  city  renders  it  very 
liable  to  overflow,  and  nearly  every  year  grave  apprehensions  are  felt.  About  1^ 
miles  above  the  river  gauge  a  natural  hollow,  known  as  Hawk's  Gully,  exists,  and 
by  this  channel  the  water  first  enters  the  city ;  and  the  danger  is  also  increased  by 
its  near  proximity  to  the  Augusta  Canal,  and  the  probability  of  crevasses  being  formell 
in  the  embankment  of  the  same.  About  a  mile  below  the  river  gauge  the  river  bends 
sharply  to  the  southeast;  and  here  a  thick  growth  of  trees  and  underbrush, by  ob- 
structing to  a  certain  extent  the  flow  of  water,  causes  it  to  back  up  towards  the  city. 

CAIBO.  ILL. 

At  46  feet  all  the  lowland  between  Cairo  and  Memphis,  on  the  Kentucky  and  Ten- 
nessee side,  is  inundated,  and  in  some  places  the  expanse  of  water  is  30  miles  or  more 
in  width,  and  the  only  grounds  above  water  are  those  surrounding  the  Chickasaw 
Bluffs,  which  are  at  intervals  between  Cairo  and  Memphis. 

Danger  is  extensively  threatened  at  49  feet,  when  the  water  flows  over  the  hanks  in 
many  places  and  inundates  the  country  for  many  miles  on  both  sides  of  the  river ; 
at  51  feet  4  inches  on  gauge,  the  water  would  overflow  the  top  of  Cairo  levee  and 
submerse  the  entire  city.     Heavy  rainfall  results, in  great  damage  to  the  valley. 

Supplementary  to  the  fully  appreciated  warning  afforded  by  the  Signal  Service,  the 
Coal,  Iron,  and  Manufacturers'  Association  of  this  city,  in  1B80,  appointed  a  committee 
on  flood  signals,  of  which  Rev.  J.  W.  Bachman  is  chairman,  who  have,  since  June, 
1880,  organized  and  kept  up  a  system  of  reports  from  voluntary  observers,  at  twenty 
points  on  the  river  above,  embracing  the  entire  drainage  syste^m  of  the  Tennessee  in 
Virginia,  North  Carolina,  and  this  State,  with  marked  beneficial  results  to  the  com- 
munity. 

CHATTANOOGA*,  TENN. 

Danser  line  begins  at  33  feet  upon  the  gauge,  at  which  height  the  low  pounds  in 
south  Chattanooga  are  submerged,  but  there  is  no  apprehension  till  38  feet  is  reached, 
when  various  dwellings  and  manufacturing  establishments  begin  to  be  flooded  (ind 
communication  with  tne  surrounding  country  by  roads  interrupted.  The  Tennessee 
is  subject  to  very  rapid  rises  from  heavy  rainfall  in  the  mountains,  constituting  the  < 
rim  of  its  basin.  In  twenty-four  hours,  September  15-1€,  1878,  the  water  rose  almost 
perpendicularly  from  9  inches  to  10  feet  7  inches  on  the  gauge,  with  no  rain  here.  In 
cases  of  both  the  disastrous  floods  of  1867  and  1875  there  had  been  a  great  previous 
accumulation  of  enow  in  the  mountains  of  Virginia,  North  Carolina,  and  Tennessee, 
which,  suddenly  melting,  and  combined  with  very  heavy  rainfall,  resulted  in  great 
damage  to  this  valley. 

DKCATUR,  ALA. 

Danger  is  at  20  feet,  at  which  height  the  water  overflows  all  lowlands  adjacent, 
destroys  crops  and  often  stock,  which  may  be  overtaken  far  from  mounds  or  high 

{daces*.    The  island  in  the  river  often  snfifers  worse  than  aod  earlier  than  the  ronin- 
and.    At  22  feet  and  23  feet  the  danger  is  still  greater,  as  the  mounds  are-  covered, 
and  stock  is  liable  to  be  drowned  or  starved  unless  rescued.  . 

The  highest  water  ever  known  h^re  was  28  feet  above  zero,  in  1867,  and  is  narked 
on  bridge  pier  where  the  gauge  is  secured ;  great  damage  was  done  to  stock,  build- 
ings, hay  and  fodder  stacks,  &c. 

DUBUQUE,   IOWA. 

At  16  feet  the  water  floods  islands  and  bottom  lands;  at  18  feet  the  lower  floors  of 
houses  on  flats  are  covered;  at^O  feet  all  saw-mills  must  close,  the  levee  is  flooded, 
two  plow- works,  three  iron-works,  and  one  oil-mill  would  have  to  stop,  and  dr.uger 
would  be  extensively  threatened ;  at  21  feet  the  main  tracks  and  depots  of  the  Chicago, 
Milwaukee  and  Saint  Paul  Railroad  and  the  Illinois  Central  Railroa<l  are  6  feet  under 
water,  and  travel  greatly  obstnicted.  No  farms  or  bottom  lands  within  5  miles  of 
the  city. 
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HERMANN,   MO. 


The  reading  of  the  water  gaage  corre^ondiDg  to  the  beginning  of  danger  is  8ui>- 

Eosed  to  be  21  feet  above  low  water  of  1^8,  this  being  the  height  at  which  the  river 
egins  to  overflow  its  lowest  banks;  at  2q  feet  it  encei-s  the  higher  bottom  or  farm- 
ing lands,  and  danger  is  then  extensively  threatened.  I 

* 

KANSAS  CITY.  MO. 

The  danger  line  is  21  feet  above  zero.  The  natoire  of  the  danger  would  be  the  over- 
flowing of  the  bottoms  opposite  the  city;  at  23  feet  danger  would  be  extensively 
threatened,  and  the  water  would  overflow  parts  of  western  portion  of  city,  known 
as  West  Kansas  City.  This  portion  of  the  city  is  densely  populated,  contains  large 
elevators,  machine  shops,  packing  houses,  wholesale  houses,  stock  yards,  Union  Depot, 
and  several  railroad  freight  depots.  During  the  high  water  of  1881  several  of  the 
railroad  tracks  through  this  portion  of  the  city  were  under  water  as  much  as  3  feet, 
depending  on  the  surface  of  the  gpround. 

KKOKUK,   IOWA. 

Danger  line  is  14  feet  flinches  on  Signal  Service  gauge ;  above  this  line  the  Keokuk 
and  Saint  Louis  Railroad  and  bottom  lands  lying  south  of  the  month  of  the  Des  Moines 
River  are  threatened.  The  Des  Moines  River  empties  into  the  Mississippi  about  2\ 
miles  below  this  city,  and  floods  are  greatly  influenced  by  the  stage  of  water  in  the 
Des  Moines  River,  backing  up  the  Mississippi. 

LEAVENWORTH,   KAN8. 

Danger  begins  at  a  stage  of  water  corresponding  to  19  feet  on  the  station  gauge,  by 
submerging  the  railroad  tracks  at  Oak  Mills,  11  miles  north  of  the  c^ty.  At  20 
feet  the  farms  on  the  lowlands  are  overflowed,  and  nearly  2  feet  of  water  is  on  the 
railroad  tracks  in  several  places,  both  north  and  south  of  the  city. 

MEMPHIS,   TENN. 

The  present  danger  line  is  at  34  feet.  The  Arkansas  shore  opposite,  and  Tennessee 
shore  above  and  below  are  inundated  in  many  places  when  river  gauge  reads  33  feet 
6  inches,  as  recorded  in  the  station  daily  Journal  March  2,  1680.  Superintendent 
Smith,  of  the  Little  Rock  and  Memphis  Railroad,  says  that  when  gauge  reads  32  feet 
the  river  overflows  in  many  places  and  makes  connection  with  Four-Mile  Bayou 
distant  5  miles.  ' 

The  depression  caused  by  the  earthquake  of  1811  at  New  Madrid,  Mo.,  and  vicinity, 
it  is  believed,  allows  the  Mississippi  passage  to  the  Saint  Francis  River  basin,  which 
it  reaches  with  inundation  when  the  gauge  is  30  feet.  (See  Report  Secretary  of  War, 
1871,  part  2,  pp.  356--358.)  At  30  feet  me  and  property  are  threatened  at  Bradley's 
Landing,  Ark.  In  foregoing,  gauge  readings  given  are  those  published  as  reduced 
to  low- water  of  December  25,  1872. 

NASHVILLE,   TENN. 

No  damage  is  anticipated  under  39  or  40  feet.  At  a  height  of  30  feet  the  lowlands 
in  the  northern  portion  of  the  city  become  flooded,  slightly  impeding  travel,  but  not 
overflowing  houses.  On  opposite  bank  of  river,  in  East  Nashville ,  the  land  is  much  lower 
than  here.  With  a  reading  of  42  feet  buildings  are  greatly  endangered ;  any  rise 
over  1  foot  per  hour  is  dangerous  to  goods  along  the  bank. 

NEW   ORLEANS,  LA. 

Records  in  this  office  show  that  with  a  reading  of  minus  3  feet  8  inches  on  gauge 
there  is  danger  of  crevasses  being  formed  both  above  and  below  gauges. 

The  danger  line  has  been  placed  at  different  stages:  In  1872  at  minus 3  feet;  some 
time  after  this  it  was  placed  at  minus  2  feet  5  inches.  (Report  of  Chief  Signal  Officer 
for  1874,  page  316.)  Again^  it  was  placed  at  minus  2  feet  8  inches  and  minus  3  feet  8 
inches,  and  finally  in  1875  it  was  placed  at  minus  1  foot  5  inclies.  At  all  the  above 
stages  it  is  reported  ascreating  great  alarm;  Belle  Chasse,  Greenwood,  and  Point 
La  Hache  crevasses  did  not  occur  until  the  reading  of  the  gaage  was  minus  0  feet  4 
inches. 
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As  crevasses  may  occur  at  stages  between  4  feet  and  zero,  it  would  appear  that  the 
formation  of  crevasses  depends  more  on  the  condition  of  the  levees  than  the  stage  of 
water  in  the  river.  There  is  little  dancer  from  an  overflow  of  banks ;  the  danger 
lies  in  the  bad  condition  of  the  levees.  In  the  great  floods  pf  the  spring  of  1881  the 
eastern  rivers  sent  out  great  volumes  of  water  earlier  than  the  western,  and  the 
gauge  read  no  higher  than  minus  9  feet  2  inches. 

Beading  of  gauge  at  titM  qf  crevawes. 


Date. 


Janiiary  30, 1880 
February  6,  1880 
March?,  1880... 
April  1.  1880.... 

April  20, 1880... 
April  8,  1881.... 


CreTassea. 


At  Cazebome,  5  miles  from  city;  qViicUy  stopped. 
At  Kemerez,  15  to  200  feet  wide ;  no  great  damage. 
At  Lookport,  34  feet  0  inches  wide;  slight  damaice. 
At  sontb  side  of  rlver^  4  miles  above  Algiers.  10  feet 

wide,  8  feet  deep ;  on  the  2d,  increased  and  several  pUmta- 

tlons  were  submerged. 
No  crevasse. 
Do. 


Fears  are  entertained  when  the  gause  indicates  minus  2  feet ;  at  this  stage,  with  high 
waters  in  the  north  and  cast  rivers,  tne  levees  are  strengthened  at  the  weakest  point 
and  everything  held  in  readiness  in  the  event  of  a  breaK  occurring. 

OMAHA,  l^BR. 

General  overflow  begins  at  about  18  feet ;  Union  Pacific  Railroad  shops  and  smeltinir- 
works  are  flooded  at  about  20  feet ;  then  clanger  is  extensively  threatened ;  water  will 
begin  to  cover  the  tracks  and  bridges  near  the  Union  Pacific  transfer  depot,  and  any 
further  rise  will  suspend  all  railroad  business,  inundating  tracks  and  railroad  build- 
ings, the  stock  yards,  and  submerging  all  the  lower  portion  of  Council  Bluffs,  Iowa, 
aud  Omaha. 

PLATTSMOUTn,   NEBR. 

Sixteen  feet  7  inches  endangers  farms  on  east  side  of  river.  During  the  high  water 
of  April,  1881,  the  water  at  16  feet  backed  up  over  thousands  of  acres  of  low  grounds. 
As  it  went  on  upward  it  flooded  the  entire  bottom  (5  miles  wide)^  and  drove  all  the 
residents,  with  stock  and  goods^  out.  At  16  feet  also  it  begins  cutting  on  the  railroad 
embankments,  as  also  on  the  river  bank  1^  miles  above  Plattsmouth  (but  on  the  east 
side  of  the  river),  at  a  dangerously  low  place  (embanked  and  riprapped  by  the  rail- 
road company  to  protect  it).  At  16  feet  the  water  broke  through  this  and  swept 
down  through  the  bottoms,  taking  embankments  and  defenses  in  tne  rear,  and  caus- 
ing very  great  damage  (talk  of  from  (100,000  to  (500,000).  To  the  residents  of  the 
bottom  the  old  line,  16  feet  7  inches,  is  not  far  from  danger.  The  railroad  company  is 
raising  and  strengthening  their  defenses  to  a  higher  point. 


SAINT  LOUIS,  MO. 


The  city  directrix  is  '33,8  feet  above  the  zero  of  gauge,  and  is  located  opposite  No.  4 
South  Front  street.  It  is  the  high-water  mark  or  18:^,  established  by  Col.  R.  Paul, 
city  surveyor,  and  approved  by  the  board  of  aldermen  for  that  year.  This  point  is  a 
few  yards  below  Market  street.  The  latter  runs  perpendicularly  to  the  river  bank 
east  and  west,  dividing  the  city  into  two  portions,  nearly  equal  before  the  incorpora- 
tion of  Carondelet  with  the  city  of  Saint  Lpuis  proper.  The  central  hwiinesa  portion 
of  the  city  extends  nearly  equal  distances  north  and  south  of  Market  street.  Plum 
street  is  its  southern.  Cherry  street  its  northern  terminus  along  the  levee,  which  be- 
tween these  points  is  nearly  on  a  level  with  the  city  directrix.  For  this  portion  of  the 
city  I  would  designate  any  rise  in  the  river  above  32  feet  as  the  ^^  danger  line." 
More  than  half  the  houses  along  the  levee,  at  this  stage  of  water,  would  be  flooded 
to  a  greater  or  less  extent,  and  all  the  merchandize  on  the  levee  would  be  submerged 
or  washed  away. 

The  extreme  northern  and  southern  portions  of  the  city,  however,  are  exposed  to 
danger  at  a  stage  of  water  much  lower  than  that  above  indicated;  most  of  this  ter- 
ritory would  be  threatened  by  any  rise  above  30  feet,  much  of  it  by  a  rise  above  29 
feet.    These  portions  are  chiefly  occupied  by  lumber  yards,  stock  yards,  bucket  £ac- 
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torieSy  and  similar  escablishmeuts,  containlDg  a  vast  qnantity  of  material  of  a  i>eriB]i- 
abie  natnre,  liable  to  suffer  great  damage.  All  the  country  on  the  left  bank  of  the 
river  almost  as  far  back  as  the  bluffs  {vrith  the  exception  of  a  few  high  places)  from 
Alton,  III.,  to  a  point  opposite  Cape  Girardeau  is  liable  to  be  flooded  at  a  30-foot 
stage  on  the  Saint  Louis  gauge. 
• 

WARSAW,  ILL. 

The  danser  x>oint  on  gauge  is  12  feet ;  then  it  endangers  the  lowlands,  which  begin 
about  limile^southof  gauge.  We  have  here  some  very  sudden  rises,  as  we  are  just 
below  the  mouth  of  the  Des  Moines  River,  which  enters  the  river  about  one-half  mile 
north  of  this  place,  and  I  find  that  the  channel  of  the  Mississippi  is  being  thrown  more 
to  the  east  side  of  the  dikes  which  have  been  put  up  by  the  Government  on  the  west 
bank. 

Highest  and  lowest  waters  at  ike  river  stations  of  the  United  States  Signal  Service. 


AagaBt*,Chi. 

BoonviUe,  Mo. 

BrownsYille,  Pa. 

highest. 

Loweat. 

Highest. 

Lowest. 

Highest. 

Lowest 

1 

Date. 

• 

1 

i 

Date. 

1 

• 

s 

1 

Date. 

1 

i 

Date. 

• 

Date. 

4& 

I 

• 

1 
I 

Date. 

^1 

1871.. 

■ 

1872.. 

.  i  . 

1878.. 

Nov.  25 
Apr.  10 
Aug.   3 
Sept.  18 
Jan.  16 
Dec.  11 

Jan.  10 
Dec.    6 

26 

27 
38 
23 

27 
30 

6 

0 
10 

\ 

4 

1 
0 

Oct.     4 
June  25 
Jan.  23 
June  25 
Jan.    6 
Sept  28 

Oct  25 
May  23. 
Sept.25, 
Oct  16. 

2  0 

1874.. 

Deo.  31 
Jan.     1 
Feb.    7 
Jan.     1 
Jan.  11 

Feb.  17 

Deo.  11 

Jan.  Ito 

Feb.  5. 

1 
1 
1 

3 

1 

1 
1 

4 

0 
0 
4 
6 
3 

10 
0 

1 

3   3 

1876.. 
1876.. 
1877.. 
1878.. 

1870.. 
1680.. 
1B81.. 

Deo.  20 
Apr.  12 
Apr.  14 
Jan.  11 

Dec.  16 
Mar.  17 
Mar.  18 

27 
25 
20 
21 

30 
28 
32 

5  Sept.  12 
7  Aug.    1 

0  Aug.  18 

6  July  & 
1    Aug. 

1  July  - 
5  Oct.   27 
4,  July  11 

1 

4 
2 
4 
3 

8 

4 
4 

5 

6 

3 

10 

10 
2 
8 

July    7 
May    8 
June  18 
July   6 

July    1 
July  13 
May    3 

18 
17 
10 
16 

17 
14 
21 

io 

i 

0 

3 

11 

s'o 

210 

2;   4 

2  4 

2  5 
3,0 

Brunswick,  Mo. 

Cairo,  HI 

«t. 

Chattanooga,  Tenn. 

Highest. 

Lowest. 

Highest 

Lowe 

Highest 

Lowest 

i 

Date. 

1^ 

i 

1 

Date. 

1 

1 

Date. 

i 

1 

Dale. 

15 

P4 

• 

t 

.a 

1 

Date. 

t 

S 
•8 
»9 

Date. 

1 

1 

B 

1871.. 

1872.. 

1878.. 

Mar.  26 

Apr.  26^ 

Aug.   7 
Apr.    6 
Apr.  14 
Apr.    0 

Dec.  81 

Mar.  21, 
23. 

48 

"i 

Oct.  16, 

17. 
Kov.  10 

Jan.  25 
Deo.  80 
Jan.    1 
Oct.  18, 

22. 
Oct.    0, 

10. 
Nov.  29 

3 

3 

5 
0 
1 
0 

2 

5 

8 
0 

4 

3 
1 
0 

7 

8 

1874.. 

- 

47     A 

May    1 

Mar.   1 
Jan.     1 
Apr.  11 
Feb.  26 

Jan.  15 

Mar.  10 

Feb.  14 

20 

53 
33 
28 
10 

88 

38 

22 

8 

"5 

0 

10 

2 

0 

4 
5 

Nov.    7 

Oct   20 
Oct.   10 
Oct.     5 
Sept.  15 

OctO,10 

Oct   80 

Sept  14 

0 
2 

} 

0 
0 

1 

0 

a 

1875.. 
1676.. 
1«7.. 
1678.. 

1870.. 

1880.. 

1881.. 

July   7 
May    0 
June  12 
July  2,8 

July    1 

Julv22, 

May    2 

15 
14 
15 
11 

12 

7 

15 

6 

5 

5 

11 

3 

6 

6 

Jan.    4 
FeU.    6 
Dec.  3,4 
Dec  20 

Deo.    0 
22. 

-4 

-5 
-1 
-4 

-2 

-4 

5 
0 
4 
0 

6 

4 

45 
46 
40 
87 

86 

44 

2 

? 

1 
6 
7 

6 

0 

2 

11 

•• 
0 

A 

... 

1 
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Sffhttt  and  loteett  wattrt  at  (Ae  Hvtr  itatioM  of  On  Pniled  Statet  Signal  Service — Cuiit'ii. 


Cliu:tim>tl.01ila. 

C«la<lel»l^Ea. 

Darenpart,  Iowa. 

- 

Hlghut. 

Lowwrt. 

HlghMt. 

Lo»Mt. 

Hlghwt. 

Loweat. 

1 

°"^'ll 

°--     1    1 

Date. 

1 

1 

Date. 

1 

j 

Date. 

1 

1 

Dale. 

Ill 

Jan.  2t 
Jan.  30 

Duels 

Dm.  87 

Fob.  IT 

»|  J 

.              ,              .                                     .             ,              . 

1 

is  ,51                    I- 

-0 

- 

; 

■J 

8 

IOT5.. 

WTfl.. 
IBM.. 

IBT*.. 
U£0.. 

63 

3;          ; 

3(                                                                 1, 

Apr.2» 
Apr.  I« 

JuljW 

7 

ii  ifoT.!7. 

D«11. 

S  Htrt.M 

i 

3 

1 

DHUtar,  Ala. 

Dnbnqae.  Iowa. 

- 

EogHio  City,  Oreg 

Blihnt.            Loweat. 

Hlgh-t. 

Lvweat. 

Hiflheat 

Lowe.., 

I 
1 

1 

DaU. 

1 

1 

Date. 

1 

1 

Dale 

1 

1 

Date. 

1 

Date. 

1 

1 

Data. 

1 

1 

Var  n 
MaySS 

J<.D«14 

May  14 

: 

s 

is;  s!Kd».ss 

K  11  Dua.  11 

878.. 

11 

Jui.  19 
Uar.  22 
liar,  a 

:::!::::;:;: 

i 

1 

iil: 

2) 
1« 

8  Oct.  £3 

■•IE"*- 

3 

!],: 

Uar.  IB 

iniii 

Jan. - 

ZZ 

■ 

Kt.ii«1I1o,  lad.              !             FortSm 

th.  Ark. 

FMep<.rt,P». 

HlghMt. 

Loirett. 

Hlglwat. 

ChHt. 

Le»e 

.1 

1 

Date. 

i 

- 

Date. 

1 

1 

Data. 

i 

1 

. 

1 

1 

Date. 

I 

1 

Jan.    8 

2 

i 

A^ej}  « 

'.  "dSS 

2 

a'  He^t  1     0  a 

0  scpt.27    o!  a 

]' 

1»9.. 

D«.  M  ,  a?!  4 

Oct.    8 

Apr.  24 

6  11 

Deo.  31 

;! 

Ubt.  13 
Jan.   1 

1      1 

746 


REPORT   OF   THE    CHIEF   SIGNAL-OFFICER. 


Highest  and  lowest  waters  at  the  river  stations  of  the  United  States  Signal  Service — Cont'd. 


• 

High< 

Helena,  Ark. 

*Hei 

*nia 

nn,  Mo. 

Jefferson  City,  Mo 

iat. 

Lowest 

Highest. 

Lowest. 

Highest 

Lowest 

1, 

Date. 

i 

i 

Date. 

1 

s 

o 

Date. 

1 

•i 

H 

Date. 

1 

1 

Date. 

1 

Date. 

1871. J 

1872      1   A  nr    9A      3a      k  tSaa     9fl 

0 
4 
8 
7 

3 

1 
7 
5 
8 

0 
0 

8 
7 

6 

8 

2 

1 
1 

1 

*  "I  "             ^ 

1873.. 

Apr.  20 
May  11 
Apr.  12 

Apr.  18 

Apr.  30 

May    3 

Jan.  31 

Mar.  31 
May  14 

39     8,  Oct.  19 
45   in  Vav   1A 

1874 

Jane  19 
Aug.  1 

July    6 

Jnue  13 

July   8 

Jane  29 

July  15 
May  19 

12     5 

Doc.  29 



0     0 

1875.. 

1876.. 

1877.. 

1878.. 

1879.. 

1880.. 
1881.. 

42 
44 

41 

38 

87 

43 
43 

5 
10 
10 
10 

Nov.   9 
Dec.  81 
Jan.     4 
Oct  2 
Nov.  14 
Nov.   3 

17  10 

18  9 

18  4 

14  5 

15  4 

12     7 

19  7 

Jan.    5 
Dec.    9 
Oct.  13 
Dec.  21 
Deo.  22 
Dec.    6 

-1 
-0 
2 
-5 
-0 
-0 

8  July  31 

11  July  5, 6 

3  June  13, 

14. 
0  June  30 

10  Jane  28 

10  July  14 
...    Mav   4 

18 

15 

17 

17 

15 

14 
18 

0 

3 

11 

0 

0 
9 

Jan.  11, 

to  23. 
Dec.  18, 

to  23. 
Jan.  25, 

to  27. 
Dec.  16, 

to  17. 
Dec.  22, 

to  25. 
Dec.  31 
Jan.    1 

0 

1 
1 

0 

0 

0 
0 

4 

2 

8 

0 

4 

8 
5 

1 

*  These  observations  are  from  the  old  gauge,  whose  zero  was  5  feet  above  the  present  zero. 


Kansas  City,  Mo. 

Keokuk,  Iowa. 

1 

La  Crosse,  Wis. 

Highest. 

Lowest. 

Highest. 

Lowest. 

Highest. 

Lowest 

Tesr. 

Date. 

1 

1 

Date. 

1 

1 

a 

Date. 

4i 

1 

i 

1 

Date. 

1 

i 

.a 

1 

Date. 

• 

1 

i 

Date. 

1 

..J 
II 

1871 

1 

1 

1872 

1      1 

1873 

1.    1  

1874.-  

Dec.    2 

Nov.  30 

Dec.    0 

Dec.  17 

Jan.  12, 

13. 
Mar.   1 

Nov.  22 

Feb.  23 

...  ... 

1     6 

"ifir'si.' 

•9-6 
13     8 

17  3 
12     4 
11     9 

9     2 

18  2 
18'    2 

Dec.  31 

Dec.  19 

Feb.    4 

Oct     1 

Jan.  12 

Dec.  20 

Nov.23, 
24. 

1 

0 

1 

0 
0 

4 

9 
4 

6 
0 
3 

May  10  '    IS     5  Nov.  28 

2  8 

1875.. 
1870.. 
1877.. 
1878.. 
1879.. 
1880.. 
1881 

Apr.  30 

June  16 

June  10 

July    2 

June  80 

July  10 

to  12. 

Apr.  80 

17 
18 
22 
19 
19 
16 
26 

10 
0 
3 

10 

• 
3 

8 

4i 

27. 

1  10  July    9 

2  0  Apr.  17 

3  10  Apr.  9, 

1      1    10. 
8     6  Jane  10 

3  2!  June  2 
2     0  June  29 

4  A  Atir.  94. 

Apr.  22 

May  22 

Jnly  12, 

13. 
Apr.  30 

July  19, 

20. 
June  19 

May  4, 

5. 

1 

9     7  Aug.  24 
1    to  27. 

9     4  July  25, 
1    26. 

4   11  Aug.  26 

4     5  Sept  16 

to  19. 
7   10,  Sept  17 

1      1    to  29. 
15     2  Mar.  24 

to  26. 
12     0  A  or.  12. 

— 1   5 

1 

-0  2 

—2  3 

1 
— 0  8 

1 0 

2  8 

&.       • 

13.      ' 
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HigheBt  and  lotceat  uHiters  ai  the  river  8tativM  of  the  United  States  Signal  Service — Cont'd. 


LeaTenworth,  Kana 

. 

Le  ClairOf  la. 

Little  Rock,  Ark. 

Highest. 

T 
Lowest. 

Highest. 

Lowest. 

Highest. 

Lowest. 

Year. 

Date. 

1 

• 

s 

1 

Date. 

1 

i 

1 

Date. 

1 

i 

Date. 

1 

Date. 

• 

1 

• 

s 

V 

Date. 

Feet. 
Inches. 

1871.. 

1 

1 
1 

1872.. 

..,i.. 

1873.. 

...1... 

1874.. 

Dec  24 
Jad.     1 

2'    3 
2     3 

1876.. 

Apr.  30 
July    6 

Jane  13 
July    2 
Jane  30 

July  15 

Apr.  20, 
30. 

17 

3 

Anr.  30 

10 
10 

6 
5 
6 

14 

4 

D^'     2  Ho!  "a 

1 

1876.. 

16     5  Deo.  2, 
i    3,&10. 
19     8  Deo.  19 
18!    6' Jan.  10 
16'     5  Mar.    1 

3    3  June   1 

3  10  Apr.    3 
3|    7  Jane   5 
3     3  Jnn«    1 

3i  Deo.    4  -4):    3 

1877.. 

11 
6 
6 

6 

Mar.  12  ->0     1 

1878.. 

Deo.  14  ,—0 
Deo.  14-4-1 

6 
0 

10 

1879.. 

" 

Oct  12 
to  22. 

Nov.  6, 
7. 

Ho  9 

1880.. 
1881.. 

1 
16     0 

25    10 

Feb.   3, 
4,dc8. 

2 

9 

Jane  25 

Oci  14 

1 
1 

Mar.  14 
Feb.  20 

14 
17 

8 

1 

1 

— 0  6 

. 

4 

Louisville,  Ky. 


Marj'svillo,  Cal. 


Memphis,  Tenn. 


Highest. 


Lowest. 


t 


1871. 
1872. 
1873. 

1874. 

1875. 

1876. 
1877. 
1878. 

1879. 

1880. 

1881. 


Date. 


9 

it 


X 

o 


Date. 


Dec  10    18  6,  Oct.    9, 
1     12-17. 

Jan.  12,     25  0,  Sept  24 

13.      i  I 

Aug.   7    29,  7  Sept22, 

I  23 

31;  0,  Dec*  18 

30,  0'  Oct     8 


Jan.  29 
Jan.  21 
Dec.  17 


16     0  Oct  2\ 
I  27. 

Dec  28  I  20     G-  Oct   9- 

15. 


Feb.  18,     30 
19. 


6 


Oct  2,3, 
20,  and 
Nov.  1. 
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Bigknt  and  lowut  walrrt  at  the  rirn-  itationi  of  the  United  State*  Signal  Service — Cout'i!. 


MorK«Dlown.  W.  T* 

■NiuihTiUB,  Tenr. 

New  Gene™,  p.. 

Hiehe«. 

Lowcrt. 

Highest. 

i»™t 

HlBhe.t. 

Lowe, 

i 

D*t& 

1 

1 

°"-  'I'l 

»,„. 

„.„ 

Ii 

Date. 

1 

1 

DUe. 

i! 

Apr.  IS 

reU«. 

Ajrl^ 

M.r.    2 
Jbd.  20 

Ju.  12 

Apr.  28 

29. 

4o'    4  Sept.  4, 

H  i'zs 

0    1 

0 

0 

i  . 

; 

'■ 

0  Deo.  M 

0  Ang.  a 

0  Sept.  IB 

1  Sta.  10 
1  Deo.  11 

30 
21 

B 

4 
2 

'l8*.     ' 
Oct  2.3 

Oct.  it- 
Sot'.  I-O 

T 

187S.. 

im.. 

1877., 
1878.. 
18«(l" 

Jan.  10 

KoT.23, 
Dec.     6 

u 

■22 

o'  Jbh.  1-8 

8  Adk.29. 

laiiSept, 
4-17. 

8'Ocl.    10 

ODe^JT 

0     4 

'"! 

1 

New  Or1«na.  Lt 

OUCitj.P*. 

OmaliB,  Hebr. 

HighMt       1        LowMt. 

Highut. 

LoTMt. 

HiEhost. 

Lowe 

1 

l 

I>>t«. 

i 

1 
1 

Date. 

l' 

DbU. 

i 

J 

1 

IMte. 

1 

May  Bl  -3 

Not.    8 

&-OT.  IB 
Dec.  SD 

Jul.     3 

Deo.  28 
Nov.  2a 

-1! 

"! 

1«7S.. 

I87T.. 

1880. 

Hay  80 

Apr.  M 
Apr.  18 

— 
-S 

-IS 

10  Uh.  10 

Sept.  « 

■St"! 

6  Joue  13 
3  Jd»2S 

.\  Apr.  2S 

17 

1 

za 

1 

Not.  23      inn 
Deo.  18  ;    J:  2 

1 

rr 

'  Zero  wu  changed  on  Apri]  18, 1BT(,  m 


at  all  helghia  beAirc  tbia  date  refer  la  a : 
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Sighest  and  lowest  waters  at  the  river  stations  of  the  United  States  Signal  Service — Cont'd. 


OrovlUe,  CaL 

Paducah,  Ky. 

Pittobargh,  Pa. 

Hight 

iSt 

Lowest. 

Highest 

Lowest. 

highest 

Lowest. 

Date. 

• 

1 

i 

o 

►9 

Date. 

1 

1 

Dato. 

• 

Date. 

1 

i 

1 

M 

Date. 

i 

• 

1 

Dato. 

9 
9 

i 

1 

1871.. 

187i.. 

1S73.. 

1 

1874.. 

1 

1875.. 

Mar.  23 
Feb.    6 
Jan.  27 
Apr.  20 
Jan.  25 
Mar.  23 
Feb.  24 

44 
44 

38 
29 

4 
11 
10 

n 

Oct  24 
Deo.    8 
Sept  16 
Oct  81 
Oct    16 
Oct   80 

31    3,  Aug.   3 
0      R.  S<>nt.10 

21 

0  SAnt.  in  :'  I) 

J 876.. 

20     9'  Sent  3      0  '^ 

1877.. 

1 
0 

3 
n 

Jan.  17 
Deo.  11 
Mar.  12 
Feb.  14 
Jan.  10 

221    1  Oct     2  —0 

7 

1878.. 

24*    0  (^t.   20 

— 0 
-1 
-0 

7 

1879.. 

88  1A 

0  ■« 

19,  11 
21  i    7 
27'    "1 

Oct  19 
Oct  20 

1 

1880.. 
1881.. 

Feb.    3 

19 

"o 

Deo.    8 

-0 

8 

44 
40 

0 
6 

2 

2 

6 

1871. 
1872. 
1873. 
1874. 

1875. 

1676. 

1877. 

1878. 
1870. 

1880. 

1881. 


Plattsmonth,  Nebr. 


Portland,  Oreg. 


Sacramento,  Cal. 


Highest 


Date. 


9 


Lowest. 


Date. 


xi 


Highest 


Date. 


s 


Lowest. 


Date. 


a$ 


Highest 


Dato. 


Lowest 


Date. 


o 

.a 
o 

a 


July    3 
Jnnel6 

Apr.  38 

June  21 

July  13 

Jane  25 
June  28 

July    8 

Apr.  25 


16 
7 

13 

12 

13 

14 
12 

13 

19 


5  Deo.    2 

8.  Deo.  19  -0|    9 

3  Not.  22  -o!    7 


0 
11 


Dec.    2 
Mar.   9 

Deo.  23 
5|  Dec.  12 

1  Mar.  15 

8 


0 
-0 


0 
0 

-1 


8  June  24 

I 
8  Mar.  16 


0  Jane  15 
4  July  1, 

2. 
July  1, 

2. 


a 


28 

kio 


141 
19 

27 


Dec.  23 
Jan.  25 


8  Dec.  30 
4  Jan.    8 


4  Nov.  80 


May  26,    22 

27. 
Jan.  26  i  22 


I 


Mar.    8 

Mar.  16 
to  19. 

Feb.  26 


--I  ^ 

0  11 


Apr.  22 
Feb.    4 


24 
18 

28' 

"I 

24 
26, 


7  Oct  2  to 
I    20. 
2  Oot7to 
29. 
Oct    11 
tola 
Ang.  31 
to  Oct 
21. 
0  Sept  18 
6,  Sept  22 

6  Nor.    8 

I    to  23. 

6 


4   7 

I 

4  4 

7   1 

5  2 

I 

5   3  • 
510 

7   5 
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Highest  and  lowest  waters  at  the  rit^er  stations  of  the  United  States  Signal  Service — Cont'd. 


1871 -. 
1872.. 

1873.- 
1874.. 

1875.. 
1S76.. 

1877.. 

1878.. 

1879. 
1880.. 


Saint  Loaia,  Mo. 


Saint  Panl,  Minu. 


Umatilla,  Oreg. 


Hishest. 


Lowest. 


Highest. 


Lowest. 


I  - 


Date. 


4i 

PE4 


0 


Date. 


Date. 


fl  ; 


I 


%  i 

^     Date.    \% 

1  f*i 


Highest. 


Lowest. 


Date. 


■♦a 

I 


I  ;    Date. 

0 


1881. 


Jnne  12 

to  14. 
Apr.  11 
June  20 

Aug.    8 
¥av  10 
and  11. 
Jnne  14 

Jnne 15 

July    8 

July  10 

to  12. 


23     0,  Dec.    4 


25 

18 

29 
82 

26 

23 

21 
25 


a 


Doc.    1 
Deo.  30, 

31. 
Jan.    8 
Fob.    7 

Oct.    4 

9!  Dec.  27 


11 
6 


2  6  May  20, 
21. 

4     8  Aug.  21 

3  4  July    2 


Dec.  26 
Nov.  29 


0 

0 

10 

11 

6 
10 


Aug.  16 
Apr.  10 

Apr.  27 

July  11 
June  17 

Apr.  29 


18 
13 

19 


8  Oct.  26,      3 

27. 
4' Sept.  22:    4 
6  Nov.  25 

to  28. 
11!  Aug.  22 


12  11  Nov.  26 

I 

Sept.   5* 
to  13. 

Dec.   3, 
4. 

Sept.  28 

Oct.  10, 
14. 


7 

8 

6 

8 

10 
15 

9 
3 

19 

8 

t 

101.* 


4 

11 

0 
10 

9 


0,    7,  June  12 


0,  11;  June  17 
1!    8  July   2 


I 


Jnike  11, 

17. 


18 

22 

28 

20 


2 
I 

10 


Deo.  31 

Jan.     6 
Mar.  20 


Oil 


0 
5 


>4 


1871. 

1872., 

1873. 

1874. 

1875. 

1876. 


1877.. 

f 

1878.. 

1879.. 


1880.. 
1881.. 


Yicksborg,  Hiss. 


Highest. 


Date. 


•§ 


Lowest. 


Date. 


I 


8 


"Warsaw,  111. 


Highest. 


Lowest. 


Date. 


-4a 
% 


o 


Date. 


8 


9  "o 


Yankton,  Dak. 


Highest. 


Date. 


1 


Lowest 


Date,     I 


« 
.c 
o 

0 


May  28 
Apr.  29 
May  15 
May  10 
May  13 
Mar.  27 


40 
45 
40 
44 
41 

I 

40 


7 

8 

11 


Jan.     1 
Jan.  — 

Nov.  16 

Jan.  31 


111  Dec.  31 


7  Jan.    7 


11 


Apr.  15    35     4 


Apr.    9 
May  11 


43     2 
41 


(*) 
(*) 

Oct.  25 


0     6 
2,     4 


0  Mar.  12 


10 


0,  Mar.  22 
8  June  26 
Jnne  8 
June  2 


7;  Apr.  11 1  14 

16 

13 

11 

9 


8 


Jnne  28 
Oct.  28 


Deo.  13 

I 

9|  Dec.  19 
11  Nov.   8 


19 
20 


Jan.    1 
Feb.  — 
10!  Oct.     2 


Nov.  29 

I 

0  July   4  \ 

3I  Apr.  24., 

25.         I 

0  Apr.  13 ' 


15,    2  Jane  30,  4;  2 

I      i    July  1.1     I 

15;    0;  Nov.  21J  5;  9 

22.        i  I 

Nov.    7  '  5!  8 


15!  10 

13,    9 


0  June  11,1  13'    0 
I    12.         ' 
1[    0  Jnne  22,'  11,    6 
23.         I      I 
11  Jnne  26.!  ]2     6 
!    27. 


Deo.  ll-i    3 

13. 
Deo.  29.;    4 

8L 
Deo.  13      2 


8 
8 


Nov.  23 


2,    0  July    5 
Apr.    5 


•Nov.5,6,1    2 

7;  Deo.^ 

1,4. 
13,    2,  Mar.  16     010 
29     3 


*  No  reading.    By  improvements  the  river  left  the  gange  dry,  and  a  new  one  had  to  be  ereeted  at 
Kleinston.    The  sero  is  the  same  as  the  old  gauge. 


APPENDIX   57. 

War  Departmrnt, 
Office  of  the  Chief  Signal  Officer, 

Washington  Cittf,  May  18,  1882. 

Sir:  I  have  the  honor  to  inclose  herewith  blank  forms  for  report  on  the  recent 
overflow  of  the  river  in  your  vicinity.    The  blanks  explain  themselves. 

It  is  the  purpose  of  this  Bureau  to  publish  a  comprehensive  report  upon  the  flood 
as  soon  as  tne  necessary  data  can  be  obtained  from  reliable  sources.  Your  co-opera- 
tion in  this  important  work  is  earnestly  solicited,  as  its  success  depends  upon  the  in- 
terest taken  in  the  matter  by  persons  who  reside  in  the  overflowed  districts  and  were 
pi'esent  during  the  time  of  the  flood. 

Will  you  kindly  fill  up  one  of  the  blanks  with  the  information  called  for  therein 
and  forward  it  to  this  office  at  your  earliest  convenience.  A  copy  of  the  report  will 
be  sent  you  as  soon  as  published  f 

I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  HAZEN, 
Brig,  and  BvU  Maj.  Genh,  Chief  Signal  Officer^  U.  8.  A. 

What  extent  of  the  levee  in  your  vicinity  was  broken  f 

State  height  in  feet  above  danger  line  reached  during  the  flood ;  also  date  danger 

line  was  reached. 
What  fluctuiitions  were  noticed  during  flood  f 
Give  date  of  highest  water  in  your  vicinity  during  recent  flood. 
What  point  of  reference  is  use<l  to  measure  changes  in  the  river  at  your  place  f 
How  many  feet  did  the  river  rise  when  highest  above  this  point  of  reference  f 
Qive  highest  water  previous  to  recent  flood,  with  date  uf  same. 
How  far  inland  from  river  did  flood  reach  in  your  vicinity  f 
What  was  width  of  overflowed  district,  measured  east  and  west  f 
Describe  any  peculiarities  you  may  have  observed  in  connection  with  the  recent 

rise  of  the  river  and  its  decline. 
What  was  rate  of  current  (if  any)  in  your  immediate  vicinity  T 
Give  estimated  damage  to  lands' and  buildings  in  your  county. 
Give  estimated  damage  to  provisions  and  supplies  in  your  county. 
Give  estimated  damage  to  stock  and  farming  implements  in  your  county. 
Give  estimated  damage  to  staple  products,  grain,  cotton,  sugar.  &c.,  in  your  county. 
Here  give  grand  total  damage  done  in  your  county. 
Give  names  of  persons  known  to  have  lost  their  lives. 

War  Department, 
Office  Of  the  Chief  Signal  Officer, 

Washington  City, ,  188-. 

Sir:  I  have  the  honor  to  acknowledge  with  thanks  the  receipt  of  your  report  of 
the  recent  flood  in  the  Lower  Mississippi  Valley.  Similar  reports  have  been  received 
from  other  parts  of  the  overflowed  region,  and  a  general  report  is  in  preparation,  and 
when  published  a  copy  will  be  fumisned  you. 

I  am,  very  respectfully,  your  obedient  servant, 

W.  B.  HAZEN, 
Brig,  and  Bvt,  Maj.  Gen.,  Chief  Signal  Officer,  U,  S,  A. 

ABSTRACT  OF  A  BEPORT  ON  THE  FLOODS  OF  1882. 

Early  in  May  of  1882  the  inclosed  circular,  having  seventeen  questions  relating  to 
the  spring  floods,  with  the  accompanying  letter  of  transmittal  was,  widely  distributed 
throughout  the  flooded  districts,  through  the  nearest  offlceb  of  the  Signal  Service. 
Answers  to  these  circulars  were  received  from  372  persons,  and  the  accompanying 
acknowledgment  has  been  sent.  Besides  these  replies,  there  have  been  used  m  mak- 
ing up  this  report  rainfall  statistics  from  22  regular  stations  of  the  Signal  Service  and 
57  volunteer  reports,  also  records  from  15  River  stations ;  all  these  stotions  are  either 
upon  the  Missouri.  Miseissippi,  and  Ohio  Rivers  or  upon  their  watersheds. 

On  projecting  tne  river  records  so  as  to  show  the  oscillations,  the  following  table 
(1)  was  prepared: 
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Tablk  I. -^Showing  the  date9  on  which  the  danger  line  woe  reachedy  together  with  the  date 
and  record  of  highest  water  during  the  first  six  months  of  1882. 


Station. 


Cincinnati,  Ohio. 
Luuiflville,  Ky... 

Paducah,  £y 

Cairo,  lU 

Memphis,  Tcnn. 
Helena.  Arlc.  ... 
Vicksbarg,  Hiss 
New  Orleans,  La 
Le  Claire,  Iowa  ■ 
Keokuk.  Iowa... 

Warsaw,  111   

Nashville,  Tenn. 


Daagc 

trliue. 

Date  of 

Date  of 

reaching. 

receding. 

Feb.  18 

Feb.  27 

Feb.  17 

Feb.  28 

Jan.   15 

Mar.  21 

Jan.   14 

Apr.    4 

Jan.   25 

Apr.  29 

Jan.   17 

Apr.  18 
May     4 

Jan.   21 

Jan.   28 

May  11 

Apr.  20 

Apr.  28 

Apr.  22 

May     2 

Apr.    0 

May    7 

Jan.   11, 

Feb.     2, 

Mar.    9. 

Mar.  IC 

1 

Date  of 
highest 
water. 


Gange 
reading  at 
-highML 


FmL 

Feb. 

21 

5&5 

Feb. 

22 

37.2 

Feb. 

26 

49.8 

Feb. 

25 

51.8 

and 

20. 

Mar. 

7 

30.0 

Mar. 

9 

47.4 

Mar. 

20 

48.7 

Mar. 

27 

-0.4 

Apr. 

22 

11.3 

Apr. 

25 

17.1 

Apr. 

25 

17.8 

Jun. 

« 

22 

54.5 

Above 
danger. 


FeeL 
8.6 

12.2 
9.8 

1L8 

2.0 
7.4 
7.7 
2L6 
1.3 
^1 
S.8 
14.5 


Table  2. — Showing  the  dates  previous  to  1882  on  which  the  danger  line  was  reached,  and 

the  date  and  record  of  highest  water. 


Station. 


Cairo,  111 

Cairo,  HI 

KaHhville,  Tenn  — 
Vluksbnrg,  Mias  ... 

Memphis,  Tenn 

Vicksburg,  Miss  ... 

Cairo,  lU 

Cincinnati,  Ohio  ... 

Louisville,  Ky 

Cairo,  HI 

Cairo,  HI 

Memphis,  Tenn  . . . . 
Viuksbnrg,  Miss  ... 

Nashville,  Tenn 

Cairo,  Dl 

Vicksbnrg,  Miss  ... 

Catro,  111 

Leavenworth,  Kans 


Danger  line. 


Date  of 
reaching. 


Feb. 

Apr. 

Feb. 

Apr. 

Apr. 

Mar. 

Apr. 

Mar. 

Mar. 

Aug. 

Aug. 

July 

Jan. 

Mar. 

Mar. 

Feb. 

Apr. 

Feb. 

Mar. 

Feb. 

Mar. 

Apr. 

Apr. 


19,1873 
8.1878 
25,1874 
15, 1874 
10, 1874 
i:t,  1874 

19. 1874 

28. 1875 
8,1875 
8, 1875 
5.1875 

20. 1875 
29,1876 
22,1876 

81. 1876 
12, 1876 
28,1876 

13. 1880 
18,1880 
19,1880 
10,1880 

13. 1881 
23, 1881 


Date  of 
receding. 


Mar.  3 
Apr.  17 
Mar.  14 
Mav  13 
Apr.  25 
May  4 
May  14 
May  9 
Apr.  2 
Aug.  9 
Aug.  10 
Ang.  10 
Feb.  15 
Apr.  13 
Apr.  17 
Mar.  16 
June  13 
Feb.  22 
Mar.  22 
Mar.  80 
May  8 
May  11 
May    8 


Date  of 

highest 

water. 

Gange 
reading. 

FuL 

Feb.  25 

42.4 

Apr.  14 

42.2 

Mar.  10 

45.2 

Apr.  26 

47.9 

Apr.  16 

49.7 

May    1 

47.1 

May    1 

35w0 

Apr.  24 

43.0 

Mar.  20 

44.0 

Ang.    7 

55.2 

Aug.    7 

29.6 

Aug.    8 

45.8 

Feb.     4 

45.8 

Apr.    6 

46.6 

Apr.    7 

85l0 

Mar.    8 

42.8 

May  19 

44.7 

Feb.  19 

44.0 

Mar.  17 

4&5 

Mar.  20 

44.8 

Apr.  11 

44.8 

Apr.  19 

44.2 

Apr.  29 

26.0 

Amoont 

above 

danger 

line. 


SL4 
2.2 
&S 

7.1 
9.7 
6.1 
LO 
2.6 
4.0 
&2 
&6 
&.3 
&S 
&6 
1.0 
1.3 
8.7 
4.0 
6.6 
4.8 
8L3 
4.2 
&0 


I  haye  also  prepared  from  the  carves  of  river  oscillationsi  published  in  the  "Report 
of  the  Chief  Signal  Officer"  for  the  years  1873  to  1681  inclusiTe,  a  second  similar  Table 
2  for  purposes  of  ooroparison. 

These  tables  show  strikiugly  the  longer  continuance  and  greater  depths  of  water  in 
the  floods  of  1882  over  those  of  any  other  year  since  1673.  Table  1  also  shows  that 
there  were  two  distinct  flood  seasons,  the  first  one,  in  January,  in  the  Cnmberland 
River,  and  the  second,  in  February  and  March,  in  tbe  Ohio  and  Lower  Mississippi 
Rivers.  To  these  may  be  added  a  third  partial  flood  season,  in  the  Upper  Mississippi 
River,  occurring  the  last  of  April  and  the  first  of  May ;  this,  however,  was  of  very 
slight  extent,  and  little  or  no  damage  accompanied  it. 

Ill  looking  for  the  causes  of  these  floods  I  have  prepared  Table  3,  showing  monthly 
Taiu  falls  during  the  first  four  months  of  1882  at  various  stations,  and  the  departorea 
from  the  mean  value  for  the  past  ten  years.  The  enormous  excess  in  January  of  10 
inches  and  more  in  the  valley  of  the  Camberland,  occurring  almost  wholly  before  the 
22d  uf  the  month,  readily  accounts  for  the  floods  of  the  same. 
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SUtlon. 


Taokton 

Omaha 

LeaTen  worth . 
Saint  Lonia . . 
Saint  Paul... 
LaCrosM..... 

Bnbnqoe  

Davenport. . . 

Keoknk 

Pittsburgh . . 

Cincinnati 

Indianapolia.. 

LonisviUe 

Xnoxville.  ... 

NaahTlUe 

Cairo 

Hemphia ..... 

YicliBbnTg 

New  Orleans 


'  j  Depart- 

January. ,  nre  from 
i    mean. 


Indiet. 

0.04 

.74 

.88 

2.80 

.-57 

.76 

.84 

.90 

1.07 

4.58 

fl.02 

3.74 

6.29 

18.98 

14.49 

6w35 

12.87 

13.83 

4.64 


Inehe$. 

-  .62 
+    .24 

-  .57 
-f    .54 

-  .39 

-  .45 

-  .03 

-  .90 

-  .59 
1.08 
2.22 

.60 
1.97 
-1-10. 95 
-f  9.17 
1.79 
6.40 

a77 

.41 


+ 
+ 


+ 


Febm- 

Depart- 

Depart- 

. 

ure  from 

March. 

ure  from 

April. 

ary. 

mean. 

mean. 

Inehu. 

IneKeM, 

Inches. 

Inches. 

Inches. 

.     a  09 

-  .71 

0.00 

-1.15 

2.93 

•       .60 

-  .09 

.79 

-  .71 

4.81 

1.17 

-  .29 

1.15 

-1.29 

4.15 

8.94 

+0.07 

8.49 

+  .22 

8.68 

2.35 

+1.07 

3.25 

+  1.60 

1.01 

1.11 

-  .04 

2.87 

+-.83 

1.90  1 

.59 

-  .80 

L49 

-1.03 

4.47 

.62 

-  .75 

2.90 

+  .48 

8.15 

1.54 

+  .20 

8.30 

+  .90 

3.22 

8.14 

+  .80 

5.18 

+  .51 

1.39 

l.Oi 

+8.00 

0.17 

+2.09 

2.71 

7.28 

+3.90 

0.11 

+-1.81 

8.08 

9.09 

+5.71 

5.85 

+1.30 

2.17 

6.10 

+1.17 

4.35 

-1.18 

8.88 

8.68 

+3.44 

9.30 

+4.05 

8.55 

10.14 

+  0.03 

4.22 

-  .10 

4.14 

9.92 

+4.68 

9.10 

+2.92 

3.56 

7.15 

+2.08 

7.41 

+  .37 

5.44 

4.04 

-  .82 

.92 

-5.01 

4.83 

Depart- 
ure from 
mean. 


Inches. 
+  .30 
+  1.00 
+  .70 

-  .10 

-  .03 

-  .03 
+1.44 

-  .11 

-  .04 
-1.15 

-  .03 

-  .00 

-2.  :u 

-L84 
-2. 12 

-  .10 
-8.20 
-1.65 
•^1.10 


In  order  to  study  into  the  causes  for  the  extraonlinary  high  waters  in  the  Lower 
MisslHHippi,  Tables  4  and  5  have  been  prepared.  These  show,  first,  the  monthly  rain- 
fall at  three  typical  stations  in  the  Missouri  and  Mississippi  watersheds,  namely, 
Leavenworth,  Keokuk,  and  Saint  Louis,  and  a  corresponding  number  for  the  Ohio 
Valley,  namely^  Kuoxville,  Nashville,  and  Louisville;  second,  the  mean  monthly 
heiiiht  of  the  Mississippi  Kiver  at  Saint  Louis  and  Cairo  and  of  tne  Ohio  at  Louisville. 


Table  4.^  Criviug  ths  monthly  rainfall  at  Leavenworth,  Kans.y  Keokuk,  lowa^  and  Saint 
Louis,  Mo,,  together  with  the  mean  monthly  river-gauge  reading  at  Saint  Louis,  Mo,,  and 
Cairo,  III 


Date. 


Montlily  rainfall. 


1872. 

January 

February 

March 

April 

May 

June 

July 

Auguat 

September 

October 

Kovember 

December 

1873. 

January » 

Febmary 

March 

April 

M!ay 

Juno 

July 

Auguat 

September 

October 

November 

December 


Inches. 
0.13 
.87 
1.95 
2.98 
7.91 
4.75 
9.92 
0.50 
4.22 
2.00 
.00 
L84 


8.02 
1.03 
1.76 
5.07 
5.88 
8.15 
2.04 
2.40 
8.04 
1.56 
.88 
0c  24 


J 


j  Menu  lu'iffht  of 
river  m  ~ 


1 

e 

9f 

s 

a 

Ineheg. 

Inches. 

0.04 

0.28 

1.15 

.80 

2.43 

2.42 

8.17 

8.27 

6.97 

5.80 

4.28 

4.05 

4.41 

7.03 

.93 

3. 1'l 

3.46 

3.31 

.65 

l.Ol 

2.01 

.94 

1.70 

1.18 

8.53 

8.29 

1.62 

1.03 

2.10 

1.45 

&80 

6.80 

6.27 

4.09 

0.68 

8.08 

6.90 

6.50 

.07 

1.00 

3.02 

8.40 

8.27 

8.17 

1.04 

1.32 

6.10 

0  80 

a 
1 

Feet. 
4.0 
8.9 

ai 

15  H 

l&l 

2U.7 

17.7 

12.0 

8.1 

r..7 

5.7 

4.3 


Feet. 


».•> 


1        9.0 

9  0 

12.8 

19.0 

26.5 

2:1.  9 

22.4 

11.5 

7.5 

0.8 

6.0 

9.6 

27.5 
25.0 
12.7 
6.4 
4.0 
10.6 
27.0 
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Table  i.-^Giving  ike  monlhljf  rainfall,  #-c.— Continued. 


Date. 


1874. 

JaauAry  

February 

Idaroh 

AprU 

May* 

Jnne 

Jnly 

Angiut 

Septemlter   

October 

KoTembcr 

December ; 

1876. 

January  

Febroary 

Karoh 

April 

May 

June : 

July 

Aagnat 

September 

October «. 

November 

December 

I87& 

Jaonary 

Fobniar>' 

March ^ 

AprU 

May 

Jnne 

July 

August 

September 

October 

K  ovember 

December 

1877. 

January  

February 

March # 

AprU 

May 

June 

July i 

Augost 

September 

October 

NoTcmber 

December 

187&  , 

January  

February  

March 

AprU 

May 

Juno 

July 

August 

September 

October  

November 

December 

1878. 

January 

February 

March 


Monthly  ndnfaU. 


Mean  height  of 
river  at— 


o  f^ 


Inehe*. 
3.14 
1  35 
3.05 
2.80 
1.80 
4.96 
3.28 
1.72 
5.50 
1.40 
3.48 
1.35 


0.23 
1.25 
2.50 
1.67 
8.63 
8.85 
&82 
8.78 
1.07 
.72 
.39 
2.80 


1.42 
.20 
5.17 
7.65 
&78 
6.71 
4.01 
8.40 
8.66 
2.79 
287 
.31 


.71 
.50 
4.30 
7.14 
a67 
10.00 
5.34 
2.86 
1.96 
4.87 
2.44 
8.18 


2.34 
2.04 
2.85 
2.86 
6.28 
5.27 
8.08 
8.31 
2.64 
1.16 
2.76 
2.16 


1.16 

.54  : 

.82  I 


1 

•mt 

■ 

0 

« 

3 

M 

4» 

8 

3 

M 

3 

Inches, 

InehM. 

8.66 

3.04 

.89 

8.66 

1.14 

4.36 

2.40 

3.43 

1.65 

8.70 

4.01 

2.06 

4.54 

6.71 

8.87 

4.70 

7.02 

2.82 

1.90 

1.09 

2.17 

2.32 

L26 

L46 

0.61 

0.54 

1.84 

2.60 

LC7 

4.08 

.89 

2.68 

6.70 

6.48 

a83 

10.84 

12.70 

9.49 

8.88 

2.66 

4.62 

.24 

2.71 

1.28 

.59 

.89 

3.03 

2.42 

3.68 

4.75 

L46 

2.66 

3.46 

&90 

3.99 

2.25 

5.28 

3.13 

6.70 

G.48 

6.70 

.M8 

4.03 

6.03 

11.08 

7.63 

2.12 

1.66 

2.82 

L74 

.23 

.18 

.84 

1.24 

.16 

•  OO 

3.76 

3.41 

-4.22 

2.86 

5.55 

3.11 

7.82 

a69 

7.06 
2.62 
3.61 
7.11 
8.05 
2.90 


.17 
2.96 
8.78 
2.81 
8.47 
3.03 
2.37 
6.27 
1.36 
2.31 
LOB 
L95 


.60 

.53 

1.71 


2.88 
2.61 
3.56 
4.02 
8.76 
8.84 


2.36 
1.60 
2.70 
a  74 
4.63 
2.40 
8.02 
4.75 
8.42 
3.27 
1.88 
a48 


1.64 
1.48 
L92 


InckM. 

8.28 
1.07 
2.85 
2.88 
2.82 
8.67 
4.49 
8.48 
5.25 
1.51 
2.66 
L36 


0.46 
1.88 
2.75 
1.70 
6.24 
7.67 
10.84 
8.41 
2.28 
L55 
.62 
2.96 


8.28 
1.51 
6.17 
4.63 
5.06 
6.28 
IS.  33 
4.15 
7.42 
2.10 
2.48 
.24 


.04 
.51 
3.85 
4.74 
5.78 
a84 
5.08 
2.66 
3.04 
6.63 
3.08 
3.14 


1.62 
2.63 
2.97 
8.97 
4.46 
8.87 
8.12 
4.44 
2.47 
2.25 
102 
2.68 


1.10 

.85 

1.32 


I  • 


p 


a 


FeeL 
&8 
10.6 
15.8 
16.4 
16.8 
15.5 
18.3 

ai 

7.7 

ai 
ao 

4.8 


6.5 
6.4 
9.0 

lao 

19.6 
20.2 
25.5 
17.4 
15.8 
10.8 
7.7 

a6 


11.8 
8.9 

ia5 

25.9 
24.5 
2:^.7 
25.1 
13,7 

las 

11.1 
1L4 
10.8 


10.4 
U.3 
10.2 
20.7 
22.5 
2a  0 
21.1 
12.2 

ao 
a8 

10.8 
1L8 


U.6 
14.8 

ia8 
ia6 

20.8 
28.7 
20.1 

ia2 

0.9 
1U.I 

ao 
as 


a2 
as 

10.1 


24.8 

8a9 
4a  4 

41.4 
3L6 
14.7 
ILe 

as 

7.0 

as 
ao 


14.6 

las 
4as 
sas 
2a4 

23.6 

8a2 
3a2 

lai 
as 

1L6 

ia4 


sa5 

41.1 
32.1 
4L9 
8a2 

2a5 
8a4 
ia2 
la  8 
lao 

11.8 
4.7 


lai 
2a2 
8a2 

37.8 
3L9 
27.1 
2a5 
11.0 

a6 

&6 

ia4 

ia2 


21.9 

2a4 
>•.» 

2ai 
8a5 
2a4 

2L1 

lao 

11.3 

ao 

a5 

2ao 


22.0 

2a6 

27.S 
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Tablx  4. — Giving  the  monthly  rainfahf  ^*c.-:-Contmued. 


Bttte. 


April 

May 

June 

Joly 

Ausnst . . . 
Heptember 
October . . . 
November 
December. 


1879— Continued. 


Juinaiy  .. 
Febmary . 

March 

\jaTil 

May 

June 

July 

August . . . 
September 
October . . . 
November 
December. 


January  ... 
February . 
March  ..... 

April 

May 

June 

Jnly 

August 

September 
October  — 
November 
December. 


1880. 


1881. 


Monthly  rainfidL 


a 


1882. 


January  . 
February 
March  ... 
April.... 

May 

June 


45 

0 

•s 

3 

M' 

•*a 

s 

JQ 

Ui 

A 

Inehei. 

.42 
3.04 
0.90 
4.09 

.18 
3.41 
4.25 
7.85 
2.34 


2.00 
1.40 
2.22 
1.38 
5.01 
1.60 
e.86 
7.06 
2.78 
3.69 
2.40 
.40 


.44 

4.84 
2.17 
L86 
8.65 
5.27 
1.72 
2.74 
&89 
5.73 
8.42 
1.18 


.83 
1.17 
1.15  ' 
4.15 
2.53 
5.06 


Inehet, 
1.56 
2.27 
2.63 
1.88 
4.57 
1.12 
.28 
3.91 
1.45 


3.91 
1.94 
1.83 
4.79 
6.92 
8.06 
2.26 
3.81 
3.21 
2.02 
1.13 
.67 


.50 
2.54 
2.42 
8.12 
1.35 
a  70 
3.08 

.86 
4.10 
&01 
2.69 
1.70 


1.07 
1.54 
3.30 
3.22 
7.11 
9.45 


Inches. 
2.31 

.95 
4.04 
1.97 
2.23 
1.34 

.68' 
4.30 
2.84 


3.83 
2.05 
2.51 
8.31 
8.44 
2.46 
5.17 
1.53 
3.10 
2.09 
2.67 
1.80 


.40 
4.16 
1.96 
2.14 
3. 96 
2.74 
2.13 

.31 
3.14 
7.21 
6.74 
1.70 


2.80 
a94 
3.49 
8.58 
4.55 
4.53 


i 


Inches. 
1.43 
2.09 
6.53 
2.98 
2.33 
1.96 
1.74 
5.35 
2.21 


3.25 
2.00 
2.19 
3.16 
4.79 
2.40 
4.76 
4.13 
3.03 
2.60 
2.07 
.96 


.48 
3.85 
2.18 
2.37 
2.99 
5.67 
2.31 
1.30 
4.71 
6.98 
4.25 
L53 


1.67 
3.88 
2.05 
8.65 

4.7:i 

6.85 


Mean  height  of 
river  at— 


9 

e 


e 

Si 


Feet. 

13.9 

11.8 

10.7 

17.9 

13.0 

8.6 

8.0 

10.3 

0.3 


11.6 
10.0 
10.4 
15.3 
15.8 
19.0 
22.0 


12.1 

10.2 

7.3 

5.5 

a4 

11.5 

18.8 

27.1 

27.1 

22.6 

21.1 

11.5 

20.7 

21.7 

2.5. 2 

17.7 

12.2 

14.5 

18.0 

20.9 

23.9 

26.7 

Feet. 
S3.7 
14.4 
17.1 
16.8 
13.5 
11.4 
4.1 
B.2 
25.1 


35.8 
31.0 
41. tt 

32.9 
27.2 
23.3 
26.4 
11.2 
11.0 
7.7 
11.1 
19.5 


17.5 
82.9 
8&2 
40.8 
34.1 
25lO 
20.8 
9.1 
8.1 

la 

2L 

la 


42.5 

4a  1 

34.4 
37.8 

sai 


Tabl?^  5. — Giving  the  monthly  rainfall  at  Knoxville^  Tenn.,  Naehvillef  Tenn.,  and  LouUf- 
vilLf  Ky,,  together  with  the  mean  monthly  river-gauge  reading  at  Louisville  and  Cairo. 


January... 
Febmary . . 

March 

April 

May 

June 

July 

August  — 
September , 
October..., 
November . 
December  . 


187a 


a  14 
2.73 
a  96 
17.32 
2.35 

an 
a  13 

7.89 
2.43 

e64 

4.99 
2.69 


a  92 


January 

February 10. 18 

Mamh ia07 

April a86 

May L23 


a  22 

2.39 

4.25 

12.2 

9.23 

a  18 

a  71 

las 

a  26 

a  63 

a  28 

10.0 

1L84 

a  01 

11. 7  J 

lai 

1.49 

1.17 

1.67 

a8 

2.87 

a95 

a  64 

4.7 

2.65 

2.71 

2.8:1 

4.6 

a  52 

a  23 

4.88 

a  4 

a  12 

.62 

2.09 

ai 

2.63 

2.04 

1.80 

a  5 

a  12 

a  90 

a  67 

ai 

4.19 

4.77 

a  88 

7.2 

a  16 

a  42 

a  16 

7.6 

a  06 

2.09 

an 

ai 

8.14 

4.54 

a&H 

ia3 

4.25 

.87 

ace 

9.7 

L78 

4.07 

2.34 

7.7 

24.8 
3a9 
40.4 
41.4 
31.6 
14.7 
11.6 

as 

7.0 

ao 

as 

9.9 


14.6 

ia3 

40.3 

3a  5 
2ai 
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Table  5. — Giving  the  monthly  raivfall,  ^^o, — Coutinned. 


Data 


1875— Continned. 

June 

July 

August I      6.60 

September , 4-U 

October 

November , 

December 


January . . 
February 
Marcb    . . 

April 

May 

June 

July. 


Augunt  — 
September. 

October 

November . 
December  . 


January . 
•February 
March  — 
April.... 


May 

June 

July 

August  — 
September. 
Oct4iber 
November . 
December  , 


January... 
February.. 

Jkforch 

April 

May 

June 

July 

August 

September. 

October 

Noyember . 
December  . 


January ... 
February . . 

March 

April 

May 

Juno 

July 

August  — 
September . 
October.... 
November . 
December  . 


January .. 

February 

March... 

April 

May 

June 

July 


1870. 


1877. 


1878. 


1879. 


1880. 


Monthly  rainfall 

• 

i 

,  Mean  height  of 
i       river  at — 

1 

i 

• 

1 

1 

• 

1 

> 

i   S 

Inches. 

• 

c 

1           0 

Feet. 

I 

1 

1 

O 

Inehet. 

Inches, 

In^et. 

,    Feet. 

4.06 

5.63 

.      5.70 

5.53 

6.1 

1        22  0 

7.C* 

8.12 

;     16.46 

10.74 

11.0 

U&2 

5.60 

1.60 

2.10 

8.13 

13.8 

!        35.2 

4.14 

3.70 

1.05 

2.1« 

4.1 

15.1 

2.61 

1.25 

1.02 

1.99 

4.7 

9.5 

4.25 

5.46 

6.  14 

6.28 

7.3 

11.  & 

7.21 

4.30 

5.67 

5.73 

10.7 

19.4 

3.09 

6.41 

1 

11.63 

7. 34 

15.1 

33.5 

4.00 

2.22 

2.06 

3.36 

14.5 

41.1 

6.80 

6.28 

6.01 

5.73 

10.5 

32.1 

2.78 

3.02 

4.50 

3  63 

10.3 

41.9 

6.25 

3.40 

1.00 

3.55 

&2 

35.2 

4.U7 

5. 65 

6.62 

5.41 

ao 

28.5. 

3.03 

7.15 

3.61 

4.90 

6.7 

30.4 

1.87 

5.77 

4.20 

3.98 

a2 

16.2 

1.60 

2.52 

2.66 

2.26 

7.6 

19.  a 

1.81 

2.68 

7.61 

4. 03 

6.2 

10. » 

2.36 

L26 

1.63 

1.75 

6.5 

11.  a 

1.74 

.05 

L24 

1 

1.31 

6.3 

4.7 

7.40 

4.05 

1 

3.05 

6.16 

16.3 

IOlI 

1.15 

1.06 

.44 

.88 

8.2 

20.2 

&65 

4.05 

4.0Q 

5.  51 

10.0 

28.2 

8,79 

0.47 

6.  in 

7.86 

9.7 

S7.K 

1.64 

1.25 

3.98 

2.29 

8.4- 

Bl.O 

4.60 

0.02 

6.57 

6.36 

6.8 

27.1 

2.12 

3.25 

4.10 

8.19 

0.3 

23.5 

2.01 

4.16 

,      2.70 

2.96 

3.8 

11.0 

7.38 

5.40 

3.02 

5.27 

3.4 

6.6 

3.70 

.    2.61 

1.81 

2.71 

3.4 

5.6 

6.57 

4.03 

4.40 

5.33 

6.1 

13.4 

2.36 

2.40 

4.10 

3.01 

7.8 

ia.2 

2.85 

8.34 

3.25 

3.15 

9.0 

21. » 

1.01 

2.11 

2.26 

1.79 

10.3 

28.4 

2.87 

8.48 

4.06 

8.47 

10.3 

SO.K 

4.60 

6.88 

3.53 

6.03 

6.2 

25.1 

2.38 

2.33 

4.50 

8.07 

9.7 

30.  :> 

6.10 

3.28 

5.34 

4.67 

7.2 

26.4 

5.87 

0.43 

4.08 

6.29 

8.9 

21.1 

&86 

6.02 

4.21 

6.36 

6.0 

16.0 

.73 

1.28 

2.52 

1.51 

&8 

11.2 

5.40 

2.17 

3.44 

.3.67 

3.0 

68 

5.40 

3.20 

4.78 

4.46 

6.0 

8.:. 

5.10 

0.04 

5.10 

5.41 

12.5 

23. » 

0.68 

0.32 

2.52 

6.14 

12.7 

2».Ci 

5.80 

8.13 

2.31 

3.78 

10.8 

2KS 

8.17 

3.81 

6.66 

4.21 

12.0 

17. ."» 

3.06 

2.88 

4.63 

3.»J2 

0.8 

Sa.T 

3.43 

2.88 

1.68 

2.68  1 

a2 

14  ♦ 

1.00 

2.50 

3.30 

2.90  i 

5.1 

17.1 

a.  28 

8.47 

1.18 

4.31 

3.8 

10  » 

2.80 

4.62 

10.02 

5.84 

.'>.g 

y^h 

.22 

6l18 

5.88 

3.73 

4.8 

li  4 

3.14 

2.00 

.59 

2.21 

2.3 

4  1 

3.11 

5.86 

4.00  1 

4. 62 

3.8 

8.2 

8.28 

0.15 

7.03 

&45 

0.3 

2111 

2.10 

3.74 

4.61 

3.50' 

12.3 

a.V8 

4.43 

12.37 

5.40 

7.40 

13  7 

31.0 

&50 

&10 

&14 

7.30 

13.9 

4t.» 

6.20 

5.26 

7. 32 

a26 

7.4 

33.  )> 

2.50 

4.13 

(1.09 

4.-J4 

H.0 

a:. : 

3.38 

3.05 

4.1' 

:{.8l 

7.5 

23.  :t 

&28 

5.60 

•J.  18  • 

4.7'J 

H.U 

S6.4 
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Tablb  5. — Giving  the  monthly  rainfaUj  fc. — ^Contioaeil. 


Date. 


1880— C<yDtiDned. 

Atifnist 

{September 

October 

November 

Uocember 

188L 

Janaary , 

Fcbmarj' 

Aforch 

April 

May 

Jane 

.'uly 

August  

SSept^mber 

October 

November 

i>ecember 

1882. 

JTnuuary 

February 

Itiarch 

April 

May 

June 


Monthly  rainfall. 


« 

.2 

• 

it 

3 

fe 

> 

5J 

.a 

© 

« 

S 

a 
'A 

Inehet. 

Inehet, 

4.45 

2.22 

8.61 

5.30 

.71 

7.24. 

fi.36 

5.77 

8.74 

3.32 

4.41 

3.34 

4.20 

.\48 

3.00 

2.79 

2.90 

5.12 

1.14 

3.67 

-  .'S.18 

3.70 

4.05 

.86 

1.77 

1.81 

2.31 

6.49 

6.14 

4.74 

5.81 

4.84 

5.32 

4.83 

10.08 

14.40 

0.10 

a68 

4.35 

9.30 

3.88 

3.55 

0.77 

7.34 

3.56 

2.51 

sa 

« 

I 


d 
3 


2.17 
7.46 
5.23 


3.20 
7.19 
3.70 


Mean  height  of 
river  at— 


lneh»9. 

InchBt. 

2.82 

3.20 

2.44 

3.82 

a89 

4.78 

8.83 

4.90 

3.52 

3.53 

3w24 

3.73 

4.05 

4..')8 

2.46 

a.  05 

3.45 

3.89 

2.85 

2.39 

3.78 

4.20 

2.18 

2.^ 

.15 

1.24 

2.70 

3.83 

8.44 

4.44 

2.79 

4.81 

&00 

5.38 

0.29 

12.59 

9.69 

R  ftR 

8.12 

A  R9 

The  ibllowing  may  be  not^d  iw  the  chnr»cteriHtic8  of  Table  4:  first, /the  xnaximimi 
mean  rainfall  over  the  MissiuKippi  Kivcr  watersheils  occurring  in  June  compares 
ciosnly  with  the  roaximom  height  of  the  liver  at  Saint  Louis;  second,  in  Febrnaryy 
1882,  the  Mississippi  River  is  very  much  higher  than  usual. 

Table  5  shows  that  in  the  Ohio  watershed  the  maximum  mean  rainfall  occurs  in 
Mflrch,  and  the  (Inchiation  of  the  river  at  Louisville  closely  follows  that  of  the  rain- 
fall. We  may  safely  say,  then,  that  an  unusually  early  spring,  caosintf  a  more  rapid 
melting  of  the  snow,  combined  with  excessive  rainfalls,  caused  simmtaneous  high 
Wiiters  in  both  the  Missi^siiipi  and  Ohio  Kivere. 

In  pursuing  this  investigation  I  have  pi-epared  Table  0,  showing  for  the  vears  firom 
June,  1879,  to  June,  168.',  the  progress  down  the  river  of  unusually  high  and  low 
waters.  This  has  developed  the  remarkable  fact  that  while  wave  crests  nuiy  be 
traced  from  Cincinnati,  Ohio,  on  the  Upper  Ohi(»  River,  to  Vicksbur^,  Miss.,  the  same 
is  not  true  of  wave  crests  appearing  at  Saint  Louis,  on  the  Mississippi  River.  The 
jiame  fact  is  also  shown  in  Tables  4  and  !>,  the  maximum  mean  monthly  heights  ap> 
peariug  from  one  to  two  months  earlier  at  Cairo  than  at  Saint  Lonis,  on  the  Mis- 
sissippi  River,  but  at  the  tame  month  nearly  every  year,  when  compared  with  those 
at  Louisville,  Ky.,  on  the  Ohio  River. 
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It  is  to  be  noted  that  the  progrens  of  the  wave  creet  is  dependent  in  great  meaeure 
upon  the  height  of  water  in  the  river,  and  becomes  very  irregalar  as  the  water  reaches 
a  high  stand.  In  general  the  higber  the  water  the  longer  is  the  time  of  movement, 
though  there  is  on  the  whole  a  remarkable  nniformity  in  the  time  of  passnge  from 
one  station  to  the  next. 

In  the  floods  of  1B?2  it  has  been  found  impossible  to  trace  wave  crests  to  the  Lower 
Mississippi  River  owing  to  the  uniform  and  continuous  wave. 

It  may  appear  as  if  iu  the  previous  discussion  too  much  weight  has  been  given  to 
the  actual  rainfall  and  not  enough  bas  been  given  to  the  rise  produced  by  tbe  melting 
of  the  winter's  snow.  The  raiiUall  may  be  regarded  as  supplementing  the  melting 
snow,  and  iu  some  years,  especially  in  IBB^,  as  almost  entirely  masking  whatever 
influence  may  be  duo  to  it. 

A  rather  interesting  question  arises  Incidentally  in  this  connection,  namely :  Why 
may  not  the  water- sheds  of  these  rivers,  containiuff  many  hundred  thousand  square 
miles,  be  regarded  as  an  immense  rain-gauge  with  measuring  scales  at  the  various 
river  gansesf  The  observations  are  not  safflciently  extendi  as  yet  to  admit  of  a 
very  full  discussion  of  the  problem,  but  it  would  seem  as  though  with  some  correc- 
tions we  miffht  obtain  an  idea  of  the  relative  rainfall  from  year  to  year  over  a  large 
district  mncn  more  completely  in  this  manner  than  from  the  average  of  a  few  stations 
great  distances  apart.  I  bave  collected,  mostly  from  the  International  Bulletin,  all 
the  daily  records  of  rainfall  at  Cincinnati,  Knoxville,  Na^ville,  Saint  Louis,  Cairo, 
Memphis,  and  Yicksburg,  from  March,  1875,  to  May,  1882,  in  older  to  determine  if 
possible  the  relation  between  sudden  river  rises,  as  well  as  great  and  extended  ones, 
and  actual  rainfall  for  the  two  or  three  days  preceding,  but  have  not  as  yet  carried 
the  investigation  far  enough  for  a  satisfactory  result.  The  great  difficulties  in  such 
a  woric  may  be  seen  fh>m  the  fact  that  there  are  a  very  limited  number  of  stations, 
and  from  the  immense  irregularity  in  the  fluctuations  of  a  river  at  difl^erent  stages  of 
water. 

Turning,  now,  to  the  answer  to  the  flood  circular,  it  is  proposed  to  introduce  here 
only  a  few  of  the  more  prominent  points,  leaving  a  more  extended  statement  for  the 
full  report. 

First.  Replies  firom  the  January  flood  on  the  Cumberland  River. 

Many  of  the  replies  from  towns  near  the  mouth  of  the  river  note  the  fact  that  while 
the  river  was  steadily  rising  yet  there  were  only  lisht  and  infrequent  rains  in  that 
region.  Another  reply  states  that,  at  the  first  rise,  tne  water  was  perfectly  clear,  but 
at  the  second,  a  week  later,  it  was  very  muddy.  Nearly  all  the  replies  make  partic- 
ular mention  of  the  fact  that,  contrary  to  the  usual  experience,  the  rise  was  exceed- 
ingly rapid,  while  the  decline  was  correspondingly  slow :  the  latter,  in  some  districts, 
was  a  great  advantage,  however,  as  the  losses  sustained  on  houses  and  fences  swept 
away  was  more  than  made  up  by  the  deposit  of  a  heavy  alluvion.  Lands  that  here- 
tofore have  received  lar^e  deposits  of  sand,  at  every  overflow,  are  now  heavily  coated 
with  rich  soil,  and  the  yield  of  these  lands,  many  of  them  usually  planted  to  corn,  will 
give,  with  a  lair  seasoir,  an  increase  over  the  usual  yield  of  firom  15  to  20  bushels  per 
acre.  I  flnd  the  following  statement  in  one  of  the  Nashville  papers:  **  Hundreds  of 
thousands  of  trees  which,  in  the  great  flood  of  1847,  stood  in  the  lowlands,  have  been 
cut  down^  thus  giving  wider  scope  to  the  backwaters."  Also,  ono  of  the  replies  states 
that.  ''Were  the  banks  as  heavily  wooded  as  in  the  ^at  floods  of  1824,  the  river 
would  undoubtedly  have  risen  some  10  feet  higher  than  it  actually  did."  It  should  be 
borne  in  mind,  however,  that  applying  precisely  the  same  reasoning  we  may  say  that 
these  heavily  wooded  banks  higher  up  the  river  would  have  kept  the  waters  from 
rushing  directly  to  tbe  river,  and  possibly  **  from  a  greater  abundance  of  springs  "  (due 
to  the  same  forests^  ''at  that  time,"  the  flow  of  water  would  have  been  distributed  over 
a  much  longer  period,  and  the  verv  high  waters  thus  would  have  been  avoided. 

Losses  firom  tnis  flood  were  small,  except  in  Davidson  County,  Tennensee,  in  which 
the  losses,  confined  mostly  to  Nashville,  were  as  follows.  These  estimates  were  care- 
fully made  by  the  State  and  county  authorities : 

Loss  on  land  and  buildings |:)25,000 

Loss  on  provisions  and  supplies '. 250,000 

Loss  on  stock  and  implements 185,000 

Loss  on  staple  product3 400,000 


^m 


Total  in  county 1,160,000 

Lumbermen,  rivermen,  and  merchants  estimate  tbe  loss  at  $1,500,000. 

Second.  The  floods  of  the  Lower  Mississippi  River. 

The  following  is  a  general  statement  9f  tne  loss  of  life  and  property  in  the  counties 
bordering  on  the  Mississippi,  from  Cairo  to  the  mouth.  These  estimates  are  neces- 
sarily only  approximate ;  frequently  three  or  four  observers  in  the  same  county  have 
given  estimates  differing  by  $100,000,  or  even  $200,000.  The  loss  of  life  in  nearly 
every  instance  is  accompanied  by  the  names  of  those  lost : 
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Lake 

lAuderdale 
Tipton 


Total 


East  hank  of  the  MinHasippi  Biver  helotv  Cairo. 


T£NNSSSE£. 


County. 


MISSISSIPPI. 


LoMon 
j  ppopeny. 


$50,000 
I5.0t0  I 
300, 000 


865,000 


I>»iM  of 

life. 


2 
1 
4 


Tonioft t  $1,000,000 


BoUvar 
AVatibington 

"Warren 

Jefferson  ... 
Wilkinaon  . 


5(4).  000 
75.000 
f.0.  000 

150.  OCO 
12.000 


Total     1.787,000 


LOUISIAXA. 


.  I 


KA0T  BANK. 

East  Baton  Unage t3,000,0Q0 

Ascension 150.000 

Soint  James 350,000 

WEST  BAMK. 

Carroll ', 200.000 

Madison ; : .... 

Tensas 150.000 

Coooordia I  000,000 

AToyeiles v ;  130,000 

Points  Conp^e •  503,000 

West  Baton  Bottj^e j  1.200,000 

Assnmption 75,000 

LaFoatohe 30.000 


Total 0,748,000 

ARKANSAS. 

WMT  BANK. 


31 


3 

1 


7 
2 
S 
AboatlS 
7 
20 


61 


Missi-Hsippi 

Crittenden  

Saint  Francis.: 

Lee ' 

Phillips * 

Desha ' 

Total ,       755^000 


$60,  OCO 

200,000 

11 

75.000 

200,000 

100,000 

120.000 

APPENDIX    58. 

Washington,  D.  C,  August  22,  1882. 
To  the  Chixf  Signal  Officer  of  the  Army, 

WaahingioH,  D.  C. : 

Sir:  I  have  the  hoDor  to  submit  the  foUowiuji;  report,  sbowiDS  the  x>]^gres8  made- 
hy  the  Signal  Service  durine  the  past  year  in  the  ox^anization  of  State  weather  Herv- 
icee.  These  seryices  are  under  the  control  of  State  officers  or  State  colleges,  and  the 
observers  forward  their  reports  by  mail  at  the  close  of  each  month  to  the  chief  of  the 
State  weather  service,  who  prepares  and  publishes  a  generol  summary  of  the  meteor- 
ological conditions  as  determined  from  observations  received.  'This  publication  is 
usually  issued  by  the  10th  of  the  month,  and  received  at  the  office  of  the  C^ief  Signal 
Officer  in  Woshiugt'On  in  time  to  be  used  in  the  preparation  of  the  Monthly  Weather 
Review  of  this  service.  State  services  co-operating  with  the  Sienal  Service  have  been 
organized  in  Ohio,  Indiana,  Illinois,  Michigan,  Kansas,  Nebraska,  Missouri,  and  New 
Jersey,  and  efforts  are  now  being  made  in  many  other  States  to  i>erfeot  similar  organ- 
izations. 

As  an  inducement  to  observers  this  service  furnishes  blank  forms,  and  in  some  cases 
rain-gauges  and  thermometers.  A  copy  of  the  Monthly  Weather  Review  is  also  fur- 
nished to  each  co-operating  observer. 

The  following  is  a  general  description  of  the  organization  in  each  State,  with  copies 
of  correspondence  showing  the  efforts  made  by  this  office  to  extend  the  usefulness  of 
tlie  Signal  Service  in  each  section  of  fhe  country. 

The  Iowa  Stute  weather  service  was  organized  by  the  legislature  of  Iowa  after  re- 
])cated  efforts  of  Professor  Gustavus  Hiiirichs,  the  distinguished  professor  of  chemis- 
try of  the  Iowa  State  University.  This  was  the  first  State  weather  service  or^anir/Od, 
and  the  rpsnlts  obtained  show  the  value  of  such  organizations.  The  following  is  a 
copy  of  the  law  establishing  the  weather  service  of  the  State  of  Iowa : 

AN  ACT  to  ostaUliHh  a  central  stetion  of  tho  Iowa  '*  Weatiier  Serrice,"  and  for  the  appointment  of  a 
director  thereof.    [lAyrtt^  XVII,  General  Aaeemblj',  State  of  Iowa,  obapter  &.] 

SecTiON  I.  Be  il  enacted  hy  the  General  Assembly  of  the  State  of  Iowa,  That  there  be 
and  hereby  is  eBtablisbed  at  Iowa  City  a  central  station  for  the  Iowa  weather  service, 
with  Giistavut4  Hinriebs  as  director  thereof,  and  in  case  of  his  death  or  disability  his 
successor  shall  be  appointed  by  the  governor. 

Sec.  II.  The  duties  of  said  director  shall  be  toestablie^h  volunteer  weatherstations 
throughout  the  Stut«,  aiul  supervise  the  same;  to  receive  reports  therefrom,  and 
reduce  tho  same  to  tabulur  form,  and  report  the  same  quarterly  to  the  State  printer 
for  publication  in  the  form  of  the  Iowa  weather  reports. 

Sec.  III.  That  the  State  printer  be  authorized  to  print  two  thousand  copies  of  the 
said  Iowa  weather  report  quarterly,  one  thousand  copies  of  which  shall  be  distributed 
by  said  diri^ctor,  and  one  thou.<iaud  copies  delivered  to  the  secretary  of  state,  to  be  by 
h'im  distributed  in  the  same  manner  as  other  State  documents. 

Sec.  IV.  That  there  is  appropriated  the  sum  of  one  thousand  dollars  annually,  or 
«o  much  thereof  as  mny  be  necessary,  for  the  purpose  of  meeting  the  actual  expenses 
in  carrying  out  the  provisions  of  this  measure;  but  no  part  of  said  sum  shall  be  used 
in  payment  of  salaries  to  any  officer  or  officers,  except  for  clerk  hire,  and  upon  the 
order  of  said  director. 

Sec.  V.  This  act,  being  deemed  of  immediate  importance,  shall  take  effect  and  be  in 
force  fn)m  and  after  its  publication  in  the  Iowa  State  Leader  and  the  Iowa  State  Regis- 
ter newspapers  published  at  Dos  Moines,  Iowa. 

The  Missouri  State  weather  service  was  established  in  that  State,  and  is  at  present 
under  the  direction  of  Prof.  F.  £.  Nipher,  with  Saint  Louis  as  a  central  station.  This 
service  now  has  a  force  of  44  observers,  who  furnish  a  monthly  report  to  the  central 
office,  a  review  of  which  Prof.  F.  £.  Nipher  forwards  regularly  to  this  office.  The 
value  of  this  service  has  long  been  recognized  by  this  office,  and  a  plan  was  seriously 
thought  of  to  inaugurate  with  the  least  possible  difficulty  similar  services  in  other 
States. 

With  a  view  of  extending  these  State  organizations  the  following  letter  was 
draughted  and  sent,  on  April  11,  1881,  to  the  governors  of  each  State  and  Territory, 
except  those  of  Missouri  and  Iowa : 
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War  Dbpabtmbnt, 
Office  of  thb  Chikf  Signal  Officrr, 

Waahingtonj  D.  C,  April  11,  1881. 

Sir:  By  the  orffanio  law  relating  to  the  metoiological  division  of  the  Signa) 
Service,  a  copy  of  which  is  inclosed,  yon  will  perceive  that  Congress  contemplated 
therein  a  general  weather  service  that  shall  he  as  useful  as  possible  to  the  whole 
United  States. 

Experience  has,  however,  shown  that  in  many  questions  relating  to  agriculture  and 
other  interests,  more  minute  details  are  needed,  such  as  can  only  be  obtained  by  hav- 
ing at  least  one  report  from  every  county,  and  this  extension  of  the  work  must,  for 
the  present,  devolve  upon  the  individual  States. 

It  is  considered  desirable  that  each  State  should,  as  far  as  practicable,  establish 
some  such  system  as  is  suggested  in  the  accompanying  memorandum. 

I  shall  be  pleased  to  learn  from  you  whetner  there  is  any  oflScer  of  your  State 
authorized  to  assume  charj^e  of  weather  observations  and  climatic  statisticH,  upon 
whom  the  duty  of  organizing  such  work  can  be  imposed  by  you,  or  whether  special 
lenslation  will  be  required  to  enable  you  to  establish  a  weather  service  in  your  State. 

This  office  will  always  be  glad  to  co-operate  in  the  development  of  meteorological 
services  in  the  respective  States. 

I  am,  very  respectfully,  your  obedient  servant, 

W   B    1 1 A  7  EN 
Brig.  4-  Bvt.  Maj.  Gen%  Chief  Signal  i#^o.r,V.  S.  A. 

His  Excellency  the  Governor  of ,  &,c. 

The  sending  of  this  letter  was  the  first  active  part  taken  by  this  ofBc**.  Inclosed 
in  each  was  a  printed  memorandum,  defining  the  object  of  State  weathii*  nervicee,  and 
containing  a  copy  of  the  law  establishing  the  Iowa  weather  service.  Tu  gain  a  clear 
understanding  of  this  subject  I  will  here  repeat  the  memorandntn : 

''  MEMORANDUM. 

• 

''The  object  of  a  State  weather  service  should  be  to  observe  and  ntilize  every  fM^ 
lure  of  the  weather  that  affects  the  prosperity  of  the  inhabitants  of  the  State  as  U> 
crops,  health,  life,  d^c,  omitting,  perhaps,  only  those  few  items  already  provided  for 
*  by  the  General  Government  at  Washington,  such  as  general  storm  predictions.  The 
State  service  is,  therefore,  essentially  a  plan  for  gathering  and  utilizing  local  oiimatio 
data,  and  eventually  it  will  define  precisely  the  localities  most  favorable  or  unfavor- 
able to  special  crops,  diseases,  &.c. 

''The  chief  of  the  State  service  should  be  in  such  communication  with  the  Chief 
Signal  Officer  of  the  Army  that  he  may  at  any  time  receive  from  Washington  and  rap- 
idly disseminate  throughout  his  State  any  information  of  importance,  such  as  predic- 
tions of  frosts,  tornadoes,  floods,  &c. 

"The  State  weather  service  may  be  wholly  volunteer,  and  under  the  charge  of  a 
director  or  superintendent  appointed  by  the  governor,  or  it  may  be  made  a  part  of  the 
duties  of  some  officer  now  authorized  by  law,  as  the  surveyor-general,  the  superin- 
tendent of  public  instruction,  the  president  of  some  State  college,  scientific  school, 
agricultnrul  college,  &,c.  The  observer  in  each  county  may  be  a  voluntary  obsMrer, 
or  it  may  b()  made  part  of  the  duty  of  some  county  officer  to  make  the  daily  reooxd 
and  monthly  report. 

''Observations  should  be  taken,  if  possible,  at  all  State,  county,  and  municipal 
offices  and  institutions,  such  as  Jails,  asylnms,  hospitals,  libraries,  toll-gate  keepers, 
surveyors,  colleges  and  high  schools,  water- works,  canal-lock  keepers,  &c. 

"The  instruments  used  should,  when  practicable*,  be  ot  uniform  patterns,  oarefhUy 
tested  before  used  by  comparison  with  known  standards,  and  should  include  at  least 
one  maximum  and  minimum  thermometer,  one  dew-point  or  other  hygrometer,  and 
rain-gauge,  all  of  which,  with  a  supply  of  blanks  and  stamped  envelopes  for  one 
year,  need  not  cost  more  than  $15  per  station. 

"The  director  should  be  fully  impressed  with  the  importance  of  the  work,  and 
should  issue  each  month  a  review,  to  be  furnished  to  each  county  pajier  for  publica- 
tion and  to  each  observer  within  ten  da^s  after  the  close  of  the  month. 

"  The  Chief  Signal  Officer  will  be  pleased  to  furnish  sample  forms,  instmctions  for 
taking  observations,  price  lists  of  standard  instruments,  and  to  give  any  information 
relative  to  this  subject  which  the  experience  of  the  Signal  Service  may  afford,  and  as 
an  illustration  of  the  action  already  taken  by  some  ot  the  States,  a  copy  of  the  law 
establishing  the  weather  service  of  the  State  of  Iowa  is  herewith  inclosed."  (An  act, 
Ac,,  given  previously  and  considered  unnecessary  to  be  repeated.) 

It  was  not  expected  that  this  letter  would  have  the  desired  effect  at  once,  for  there 
were  many  obstacles  and  difficulties  to  surmount.  Yet  the  answers  received  from  the 
executive  departments  of  the  different  States  and  Territories  are  gratifying  and  show 
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the  interest'  manifeeted  by  the  officials.  Of  24  coiumimicatioiis  received  in  answer 
to  the  proposition,  bnt  one  State,  New  York,  looked  upon  a  weather  service  as  un- 
desirable.  It  is  hoped,  however,  that  the  appreciative  citizens  of  that  State  may  yet 
he  convinced  of  the  value  of  snch  an  organization  and  be'  able  to  secure  favorable 
action  leadins  to  its  establishment.  The  following  is  a  true  copy  of  the  letter  re- 
ceived from  the  governor  of  that  State : 

State  of  New  York, 
Executive  Chamber,  Albany,  February  7,  1882.     * 

Sir  :  The  governor  directs  me  to  say,  in  reply  to  your  letter  of  the  27th  of  Jan- 
uary, that  in  his  opinion  the  people  of  this  State  are  not  desirous  of  the  establish- 
ment of  a  State  weather  service  and  therefore  he  is  unable  to  comply  with  your 
suggestion. 

Yours,  respectfully, 

HENRY  E.  ABELL, 

Frivate  SeereUury, 
General  W.  B.  Hazxn, 

Ck^f  Signal  Qfieer  U.  8.  A,,  WaehingUm,  D.  C. 

While  the  letter  of  April  11,  1881,  reached  mo«t  governors  at  the  close  of  aessioQ 
of  State  legislature  and  too  late  to  be  submitted— a  feature  which  caused  much  de- 
lay—yet the  proposition  was  entertained  favorably,  submitted  to  scientific  men,  and 
discussed  as  to  advantages  and  benefits  to  be  derived  therefrom. 

The  Illinois  State  weather  service  which  had  been  partially  organized  under  the 
auspices  of  the  Illinois  -State  Board  of  Agriculture,  with  its  secretary,  Mr.  S.  D. 
Fisher,  as  managing  director,  is  now  in  co-operation  with  this  office.  Though  not  yet 
sanctioned  bv  law,  the  governor  of  Illinois  has  offered  his  assistance  in  the  passage 
•f  snch  a  bill  and  invited  this  service  to  cordial  co-operation.  Mr.  S.  D.  Fisner  haa 
met  with  great  success  in  the  organization  of  his  corps  of  observers.  So  far  he  haa 
secured  322  ^^^  intends  to  increase  the  nnmber  to  one  observer  for  each  county  if  pos- 
sible, Thts  office  has  not  been  able  to  render  much  assistance,  as  the  extent  of  that 
service  was  not  made  known  until  July  31, 1882;  yet  twelve  rain-gauges,  with  over- 
flow attachment,  and  twenty-four  measuring  sticks,  together  with  a  suitable  amount 
of  blank  forms  and  envelopes,  have  been  sent  to  Mr.  Fisher,  and  it  Is  hoped  that  soon 
returns  will  be  made  of  the  operations  of  that  service. 

In  regard  to  the  brfi»nization  of  a  weather  service  in  Kansas,  the  governor  of  that 
State  referred  this  office  to  Mr.  J.  K.  Hudson,  secretary  of  the  department  of  agri- 
culture. This  department  in  1874  organized  a  small  corps  of  observers,  to  make  a 
monthly  report  of  maximum, minimum,  and  mean  temperatures  and  rainfall.  Three 
stations,  Lawrence,  Leavenworth,  and  WeUington,  being  provided  with  a  better  line 
of  instruments,  made  fuller  reports.  These  reports  have  been  continued  to  this  date 
and  appear  in  th^  publication  of  that  department.  Mr.  Hudson  expressed  his  entire 
willingness  to  co-oi>erate,  bnt  he  thonsht  that  the  expense  for  providing  instruments, 
dtc,  would  be  a  sticking  point  in  following  the  suggestions  of  this  office.  In  th& 
mean  time  the  Washbumo  College  of  Topeka,  Eans.,  was  active  in  establishing  a 
State  weather  service  under  the  direction  of  Prof.  J.  T.  Lovewell.  This  gentleman 
succeeded  in  obtaining  thirty-one  observers  in  different  counties,  and  will  undoubtedly 
make  a  good  showing.  At  his  request  this  office  extended  a  helping  hand  by  sending 
him  twenty  exposed  thermometers,  one  small  wind-vane,  set  of  anemometer  cups,  one 
copy  of  Instructions  to  Voluntary  Observers,  and  an  appropriate  amount  oi  blank 
forms  and  envelopes. 

Upon  the  suggestion  of  the  governor  of  Nebraska,  this  office  communicated  with 
Mr.  S.  R.  Thompson,  superint'Cndent  of  the  State  Agricultural  College,  Lincoln^  in 
regard  to  a  State  weather  service.  Mr.  Thompson  had  been  collecting  meteorolosical 
data  from  different  parts  of  the  StAte,  and  was  desirous  of  availing  himself  of  the 
assistance  offered  by  this  service.  He  has  now  a  corps  of  twenty-nine  observers, 
which  doubtless  will  be  increased  as  the  work  progresses  and  people  become  familiar 
with  its  value.  Eaclkobserver  has  been  supplied  with  a  copy  of  Instructions  to  Vol- 
untary Observers. 

The  State  of  Michigan  gives  fair  promise  of  having  a  State  weather  service  organ- 
ized of  not  little  importance.  The  governor  has  promised  to  bring  the  matter  to  the 
attention  of  the  legislature  at  its  next  session,  in  1883,  and  good  results  are  antici- 
pated. In  the  mean  time  a  State  weather  service  has  been  inaugurated  under  the 
direction  of  Mr.  Henry  B.  Baker,  M.  D.,  secretary  of  the  State  Board  of  Health, 
Lansing,  Mich.  There  are  as  yet  only  nine  observers,  but  they  are  mostly  men  of 
education,  belonging  generally  to  the  medical  profession,  and  will  doubtless  render 
excellent  reports.  All  have  been  supplied  with  blank  forms,  envelopes,  and  a  copy 
of  Instructions  to  Voluntary  Observers. 

The  next  State  weather  service  organized  in  compliance  with  letter  of  April  11, 
1881,  is  that  of  Indiana.    It  is  the  most  extensive  organization  of  its  kind  existing 
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in  any  one  State.  Upon  the  snggeation  of  the  governor  of  that  State,  a  letter  was 
4MldTes8ed  on  Jnne  30, 1881,  to  Mr.  J.  B.  Conner,  chief  of  bureau,  department  of  sta- 
tistics, Indianapolis,  Ind.,  relative  to  the  OHtablisbtiient  of  a  State  weather  service. 
Mr.  Conner's  reply  to  that  letter  gives  probably  the  best  understanding  of  his  views, 
and  may  be  appropriately  given  bore : 

'  Dkpartment  op  Statistics, 

JuduinapoliHf  Ind,,  July  11,  1881. 

Dear  Sir:  1  have  the  honor  to  arknowlcdjn*  the  receipt  of  yours  of  Jnne  30,  ultimo, 
in  regard  to  the  rollection  of  meteorological  facts  for  your  oflBce.  The  legislature  of 
this  State  made  no  8pecial  proviHi^n  for  this,  and  yet  the  act  creating  this  ofiSce  is  so 
broad  that  it  is  told  to  be  within  the  discretion  of  the  chief  of  the  bureau  to  do  this 
work.  With  a  view  to  utilize  the  valuable  facts  which  might  be  gathered  by  proper 
observations  in  various  sections  of  the  State,  for  jny  annual  report,  I  would  gladly 
undertake  the  work.  After  a  little  inquiry  I  find  tlia't  many  or  all  the  chief  institn- 
tions  of  learning  in  the  State,  as  well  as  some  very  competent  private  individuals, 
would  be  willinjBf  to  do  the  local  work.  If  it  is  your  desire,  I  will,  on  receipt  of  assur- 
ances to  that  efiect,  ascertain  at  once  how  many  counties  in  the  State  I  can  organ- 
ize for  the  work.  If  I  understand  your  wishes  in  this  behalf,  it  is  that  this  office 
organize  the  work  in  as  many  counties  pf  the  State  as  convenient,  taking  the  UkaI 
reports  and  consolidating  them  for  your  office.    Please  advise  me  iu  this  regard. 

By  oversight  yon  failed  to  inclose  the  Monthly  Weather  Review,  which  you  mention 
as  inclosed  in  yours. 

I  nni,  viTv  respectfully,  your  obedient  servant, 

JJJO.  B.  CONNER, 
Chief  Bnreau  of  Slatisiics  of  Indiana, 

Gen.  W.  B.  Hazex, 

Chitf  Signal  Officer,  U,  8,  A,,  WaMkington,  D.  C. 

Since  the  date  of  that  letter  a  corps  of  71  observers  has  been  organized  in  that  State, 
and  Mr.  Conner  is  anticipating  that  the  first  fruit  of  his  labors  will  be  received  in  the 

C resent  month.  All  observers  have  been  amply  supplied.  This  office  fnmished  1 
arometer,  75  exposed  thermometers,  75  rain-gauges  with  overflow  attachment,  125 
measuring  sticks,  and  a  suitable  amount  of  stationery,  such  as  blanks,  stamped  en- 
velopes, £c.,  together  with  a  copy  of  Instructions  for  Voluntary  Observers  for  each 
station.    Excellent  work  is  expected  from  this  se:vice. 

The  greatest  interest  evinced,  however,  in  the  establishpient  of  a  State  weather 
service  was  that  in  Ohio.  An  extract  of  the  governor's  views,  in  reply  to  letter  of 
April  11,  1881,  may  be  interesting : 

State  of  Ohio, 
Executive  Department,  t!olumlhi8f  April  18,  1681. 

Dear  Sir  :  *  *  *  I  will  keep  the  matter  in  form  for  presentation  to  the  legisla- 
ture by  my  successor,  or  for  renewed  advices  from  your  department,  as  I  deem  it  a 
subject  of  ffreafc  importance,  and  regret  that  it  was  not  presented  to  me  for  action 
•earlier  in  the  session  of  the  general  assembly. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

CHAS.  FOSTER. 
Gton.  B.  W.  Hazbn, 

Chief  Signal  Officer,  Washington,  D,  C. 

Under  such  favorable  auspices  a  State  weather  service  of  Ohio  was  sanctioned  by 
law.    The  following  is  the  bill  providing  for  that  service : 

[Sixty-fifth  general  assembly,  regular  Besaion.] 

H.  B.  No.  481. 
By  the  Committkb  ox  Agriculture. 

A  BILL  to  establish  a  meteorological  bnrean  for  the  State  of  Ohio. 

Section  1.  Be  it  enacted  by  the  general  assembly  of  the  State  of  Ohio,  that  there 
be.  and  hereby  is,  established  at  tne  State  University  at  Columbus,  Ohio,  a  eentiml 
office  for  meteorological  observations,  with  the  professor  of  physics  of  said  university, 
the  secretary  of  the  State  board  of  ag^cnltnre,  and  a  third  person,  to  be  appointed  by 
the  governor,  as  a  boanl  of  directors;  the  members  of  the  board  of  directors  diall  be 
commissioned  by  the  governor  and  be  duly  qualified  as  like  officers  of  the  State. 

Sec.  2.  The  profeseor  of  physics  of  said  university  is  hereby  appointed  president 
of  the  board,  and  by  and  with  the  advice  of  the  directors  shall  establish,  if  practica- 
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ble,  one  volonteer  weather  station  in  each  Congreuional  district,  and  rapervise  the 
same ;  he  shall  receiye  reports  therefrom,  and  rednce  the  same  to  tabular  form,  and 
report  the  same  monthly  to  the  State  printer  for  publication  as  the  Ohio  weather  re- 
port. 

Sec.  3.  That  the  State  printer  be  authorized  to  print  2,000  copies  of  each  monthly 
report ;  1,000  copies  shall  be  distributed  hy  said  board,  and  1,000  copies  shall  be  de- 
livered to  the  secretary  of  state,  to  be  distributed  by  him  in  the  same  manner  as 
other  State  documents. 

Sec.  4.  There  is  hereby  appropriated  for  the  ensuing  year,  for  the  establishment 
and  maintenance  of  said  bureau  and  stations,  the  sum  of  $2,000,  or  so  much  thereof 
as  may  be  necessary  for  the  purpose  of  meeting  the  actual  expenses  of  carrying  out 
the  provisions  of  this  act.  No  part  of  said  sum  shall  be  paid  lor  salaries  of  any  offi- 
cer or  for  office*  rent,  but  a  reasonable  .part  of  the  same  may  be  paid  for  the  services 
of  a  clerk  at  tbe  central  station. 

Sec.  5.  No  money  shall  be  expended  except  upon  the  order  of  the  resident  director, 
by  and  with  tbe  approval  of  the  board. 

Sec.  6.  This  act  shall  take  effect  from  and  after  its  passage. 

Mnch  credit  is  due  to  the  efforts  of  Prof.  F.  C.  Mendenhall,  of  the  Ohio  State  Uni- 
versity, Columbus ;  and  it  may  be  of  interest  to  add  here  an  extract  of  an  able  article 
in  the  Columbus  Daily  Times,  containing  an  address  of  Professor  Mendenhall  deliv- 
ered before  the  general  assembly : 

XETEOROLOGT^PROFESSOR  MENDENHALL    DISCOURSES  LEARNEDLY  UPON  THIR  SUB- 
JECT IN  THE  LEOI8LATIVB  HALLS. 

Some  weeks  ago  Governor  Foster,  in  a  message  to  the  senate,  suggested  the  pro- 

griety  of  appropriating  a  certain  sum  for  tte  establisbing  of  a  weatber  bureau  in  this 
tate  in  consonance  with  an  idea  transmitted  by  the  Chief  Signal  Officer  of  the  United 
States,  at  Washington.  It  not  being  deemed  expedient,  however,  to  proceed  in  this 
matter  without  tint  investigating  the  subject  and  discovering  what  benefits  would 
accrue  to  the  State  were  such  bureau  established,  no  immediate'  action  was  taken 
regarding  the  message.  The  advisability  of  a  thorongh  ventilation  of  the  matter 
being  apparent  to  all,  an  invitation  was  extended  to  Professor  Mendenhall,  of  the  Ohio 
State  University,  to  address  the  assembly  on  this  subject,  and  a  request  made  that  he 
would  explain  any  benefits  to  be  derived  from  any  such  action  as  was  snggested. 

In  accordance  with  this  invitation  a  very  largo  representation  from  both  legisla- 
tive bodies  assembled  last  evening  in  the  hall  of  the  house  of  representatives,  where 
a  lecture  was  to  be  delivered.  A  large  sprinkling  of  citizens  and  of  students  from  tho 
university  were  also  present^  and  the  remarks  of  the  professor,  illustrated  by  black- 
board drawings,  were  listened  to  with  much  attention. 

The  following  summary  of  the  lecture  will  prove  both  interesting  and  instruct!  ire 
as  explaining  the  meteorological  problem : 

*  «  •  «  •  »  « 

'^The  Weather  Bureau  of  the  United  States  is  recognized  for  its  efficiency  by  the 
whole  world.  It  was  believed  that  if  data  regarding  the  weather  of  to-day  were  gath- 
ered from  a  large  area,  the  result  would  be  a  means  of  prophesying  the  we&ther  of 
to-morrow.  Knowing  the  direction  of  the  weather,  and  the  velocity  with  which  it  is 
traveling  to-day,  it  is  easier  to  tell  what  the  weather  will  be  in  a  certain  locality  to- 
morrow. 

**Tbe  Signal  Corps  of  the  United  States  was  the  inception  of  the  weather  depart- 
ment, and  General  Myer  saw  the  advisability  of  thus  utilizing  it.  Prof,  Cleveland 
Abbe,  an  Ohio  gentleman,  sei^t  the  first  telegraphio  weather  prediction  ever  attempted. 
Ninety  per  cent,  of  the  weather  predictions  are  true  as  given  out  by  the  United  States 
Bureau. 

** Millions  and  millions  of  dollars  are  annually  saved  by  the  work  of  this  depart- 
ment, particularly  on  the  lakes  and  at  the  seaboard.  The  question  which  interests 
you  is  the  desirability  of  extending  this  service  in  your  State.  As  our  conntry  is  so 
large,  the  data  gathered  are  few^  and  General  Hazen  is  anxious  to  secure  a  number  of 
volunteer  observers,  twenty  or  thirty  throughout  the  State,  one  in  every  Congressional 
district.  For  my  part,  1  would  like  to  see  one  in  every  county.  There  is  no 
doubt  that  volunteers  could  be  secured.  There  are  now  twenty  such  in  the  State,  who 
send  in  voluntary  reports.  It  is  proposed  to  furnish  each  observer  wiih  minimum 
instruments.  Reports  are  to  tie  made,  from  once  a  week  to  once  a  month,  to  a  centra^ 
bureau,  located  at  Columbus.  The  imports  of  observations  will  be  printed  and  dis- 
tributed every  month.  The  chief  of  the  service  at  Washington  would  telegraph  any 
remarkable  changes  that  are  imminent,  which  information  could  be  sent  through  the 
State.    This  is  done  in  Illinois^  Iowa,  and  Michi^^an  with  great  success. 

* '  The  meteorological  report  from  Illinois  is  very  interesting  in  this  connection.  There 
is  a  corn  famine  in  Southern  Illinois,  which  was  predicted  last  July  and  August.    The 
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• 

State  18  divided  into  three  sections  for  meteorological  pnrpoees.  In  July  in  the  north- 
em  section  3.36,  in  the  middle  2.6,  and  in  the  sontnem  .48  inches  of  rain  fell,  and 
hence  the  prophecy  could  easily  be  made ;  the  average  fall  in  the  latter  section  being 
4  to  5  inches.  The  greatest  cousnlters  of  weather  statistics  are  wheat  speculators, 
who  thus  get  *  pointers'  regarding  the  future  production  of  wheat. 

**  The  idea  is  to  pltvce  this  informatiou  before  the  producers,  so  that  they  may  know 
what  effect  may  be  expected  irom  weather  statistics  obtained.  The  farmers  in  the 
country  about  Cornell  University  have  erected  a  tall  pole  near  Ithaca,  where  balls 
are  run  up,  visible  for  many  miles,  giving  the  weather  probabilities  for  the  next  twenty- 
four  hours. 

**  1  need  not  argue  this  question  longer.  The  sum  is  small  and  the  expense  will  be 
repaid  in  the  first  year.    *    *    * 

**  Permanent  acquisitions  of  value  to  our  n^eteorological  phenomena  will  undoubt- 
edly grow  from  the  establishment  of  this  system,  and  yon  owe  it  to  yourselves  to  rec- 
ognize the  value  of  science |Mr  se;  you  know  how  science  has  struggled;  yon  know 
that  no  scientific  investigator  undertakes  his  experiments  with  a  view  of  turuiog  them 
into  dollars  and  cents.  Large  sums  to  be  expended  in  the  interest  of  science  are  now 
annually  appropriated  in  England  by  authority  of  Parliament,  and  I  hone  that  you 
may  do  this  not  only  for  the  purposes  expressed,  but  also  for  science  iteeli,  which  has 
heretofore  *  gone  it  alone.' »    •    •    » 

The  resylt  was,  as  stated  before,  that  the.  bill  passed  without  trouble ;  but,  owing 
to  its  recent  passage,  the  Ohio  State  weather  service  has  not  yet  been  put  in  active 
operation.  This  office,  however,  has  furnished  Professor  Mendenhall  with  20  rain- 
gauges,  20  measuring  sticks,  and  60  copies  of  Instructions  to  Voluntary  Observers, 
and  a  suitable  amount  of  blanks  and  envelopes,  to  be  distributed  by  him,  as  observers 
are  enlisted  for  this  valuable  work.  It  gives  fair  promise  to  become  a  service  of  great 
extent  and  utility. 

The  New  Jersey  State  weather  service,  under  direction  of  Mr.  W.  Earle  Cass,  New- 
ark, is  well  or^^anized,  and  has  for  several  months  past  rendered  monthly  reports. 
The  corps  consists  now  of  16  observers,  who  have  all  been  supplied  with  a  copy  of 
lastrnctions  to  Voluntary  Observers.  Under  the  active  supervision  of  Mr.  Cass,  who 
evinces  a  great  interest  in  that  service,  the  citizens  ot  New  Jersey  may  confidently 
expect  substantial  benefits.  The  establishment,  or  at  least  the  rapid  development,  of 
the  New  Jersey  State  weather  service,  is  in  some  measure  due  to  an  article  in  the  New 
York  Herald.  That  paper,  in  commenting  on  State  weather  services,  says  in  the  in- 
troduction as  follows : 

**  STATE  VSATHBR  BUBEAU8— THE  CHIEF  8IOKAL-OFFICER  AT  WASHINGTON  ADVOCATES 
THEIB  ESTABU8HMSNT— GOOD  RESULTS  AT  SBIALL  EXPENSE  ANTICIPATED. 

"  Qeneral  Hazen,  who,  since  his  appointment  to  the  position  of  Chief  Signal  Officer, 
has  made  several  changes  in  the  service  that  cannot  fail  to  call  forth  the  approval  of  the 
public,  now  proposes  a  scheme  which,  if  developed,  will  prove  of  great  b'inefit  to  every 
one.  Over  the  broad  expanse  of  territory  between  the  Rocky  Mountains  and  the  Atlantic 
coast  line  the  Signal  Service  Bureau  have  about  ninety  stations,  from  which  are  sent 
to  Washington  three  daily  meteorological  observations.  By  charting  those  reporte 
the  location  and  character  of  the  areas  of  high  and  low  pressure  are  discovered,  and 
upon  them  depends  the  weather  forecasts  that  are  made  every  day  at  the  central  office. 
Owing  to  the  small  number  of  stations  they  mnst  necessarily  be  very  far  apart,  hence 
General  Hazen's  proposition,  which  is  as  tollows :  Each  State  in  the  Uniou  should 
have  an  indepenaent  weather  service  for  the  purpose  of  gathering  and  utilizing  local 
climatic  data.  By  such  a  system  the  people  would  in  time  become  conversant  with 
physical  conditions  of  every  locality  and  be  guided  thereby.  In  the  tornado  season 
the  results  of  observations  in  temperature  ana  humidity  would  be  invaluable,  because 
they  would  enable  a  correct  forecast  of  their  development  to  be  made.^ 

''How  OPERATED." — ^Here  the  article  enumerates  what  has  been  given  in  the 
memorandum,  beginning  with  **  The  State  weather  service  may  be  wholly  volunteer 
and  under  the  charge,''  Ao. 

These  aboye-named  State  weather  services  have  been  organized,  and  are  or  will  be 
in  a  very  short  time  in  operation. 

The  following  are  the  States  or  Territories,  which.  Judging  by  the  tone  of  the  com- 
munications from  their  respective  governors  and  others  interested,  may  be  expected 
to  succeed  in  organizing  a  corps  of  observeis :  Vermont,  Massachusetts,  Virginia, 
Kentncky,  North  Carolina,  Florida,  Louisiana!)  Mississippi,  Wisconsin,  Nevada,  Ari- 
zona, and  California.  I  will  refer  to  each  State  individnally,  and  give  in  brief  the 
answers  receiyed  to  letter  of  April  11,  1881. 

The  communication  sent  to  the  governor  of  Vermont  was  referred  by  him  to  Mr. 
Hiram  A.  Cutting.  State  geologist  and  secretary  boaxd  of  agriculture.  Mr.  Cutting's 
reply  is  worthy  or  note,  and  runs  as  follows: 
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State  of  Vbbmont,  Ofvics  of  Stats  Gboloc^t, 

Lunenhurg,  AprU  26, 1881. 

Hon.  Sir:  Toar  letter  of  the  11th  instant,  to  ''goyersor  of  Vermont''  has  been  re- 
ferred by  him  to  me  for  an  answer,  doubtless  beoanse  I  am  the  oldest  continnous  ob- 
eerver  of  meteorological  phenomena  in  the  State.  I  am  sorry  to  say  that  no  available 
appropriation  exists  in  the  State,  and  nothisff  can  formally  be  done  until  the  session 
of  legislature  in  1882.  I  shall  be  willing  to  do  anything  I  can  to  forward  the  work, 
but  as  I  already  send  monthly  reporto  to  you  I  suppose  I  can  do  no  bettor.  Oovemor 
Famham.  our  present  incumbent,  has  much  intorest  in  the  advancement  of  affrioult- 
ure  and  ito  attendent  sciences  in  this  State,  and  if  there  was  any  thins  he  could  do  in 
the  matter  he  would  be  very  glad  to  lend  his  aid,  but  as  it  is  probable  that  with  the 
next  legislature  there  will  come  a  new  governor,  the  future  is  uncertain.  Please 
suggest  to  Governor  Famham  or  myself  anything  that  we  can  do  without  any  means 
at  our  command  and  we  shall  be  glad  to  fiivor  you  as  iaa  as  able. 
I  am,  very  respectfully,  your  obedient  servant, 

HIRAM  A.  CUTTING, 
State  Gtologi9tand  Secrekiry  Board  of  AgrUmliure. 

M%j.  Gen.  W.  B.  Hazkn, 

P.  8. — I  inclose  pamphlet. 

While  the  governor  of  an  acyoinin^  State,  Massachusetts,  regretted  the  inopportune 
time,  it  .being  then  near  close  of  session  of  legislature,  yet  he  was  not  averse  to  the 
plan,  and  promised  to  have  the  matter  referred  to  the  a4]utant-general  of  the  Common- 
wealth. 

In  Virginia  the  process  of  establishing  a  Stato  weather  service  is  at  a  standstill, 
but  Dr.  Thomas  Pollard,  commissioner  of  agriculture,  to  whom  the  governor  referred 
as  the  proper  person  to  take  the  matter  in  hand,  has  expressed  his.  willingness  to 
lend  such  influence  as  he  may  have  in  securing  favorable  action.  The  matter  will  be 
brought  before  the  next  legislature  by  the  governor  himself,  and  it  is  hoped  that  the 
result  will  be  in  accordance  with  the  wishes  of  the  governor  and  this  eface.  Mr.  P. 
C.  Guthrie,  of  Richmond,  Va.,  who  has  had  some  experience  in  the  signal  service, 
also  offered  his  assistance  and  services  as  an  observer. 

Although  no  reply  was  received  direct  from  the  executive  department  of  Kentucky, 
the  letter  of  April  11,  1881,  was  referred  to  Mr.  A.  R.  Crandall,  professor  of  natural 
history,  Agricultural  and  Mechanical  College,  Lexington,  Ky.  His  reply  will  best  give 
the  progress  of  the  work  in  that  State,  ana  is  as  follows: 

Lexington,  Kt.,  February  15, 1882. 

Resfkcted  Sir:  Sometime  since  your  letter  to  the  eovemor  of  Kentuclnr,  inclosing 
memorandum  for  a  State  meteorological  service,  was  handed  to  me,  and  although  the 
date  indicates  a  delay  of  more  than  a  year,  yet  I  am  desirous  of  making  some  move 
in  the  direction  of  establishing  a  station  here  in  connection  with  the  State  Agricult- 
ural and  Mechanical  College,  and  take  the  liberty  of  writing  for  such  infonuMlon  as 
you  may  be  able  to  give  us. 

I  think  no  action  has  been  taken  looking  to  the  carrying  out  of  the  suggestions  of 
your  letter,  and  I  am  afraid  it  will  be  a  long  time  before  any  3tate  aid  can  be  ex- 
}>ected.  It  is  possible  that  we  may  lay  the  foundation  for  such  a  service  by  establish- 
ing a  well-equipped  station  here. 

Your  letter  was  doubtless  handed  to  me  because  I  have  taken  some  interest  in  the 
meteorology  of  this  region. 
Respectfully, 

A.  R.  CRANDALL, 
Profeeeor  Natwral  HUiory,  AgrUmUural  and  Meehanioal  College,  Kentucky: 

M%j.  Gen.  W.  B.  Hazen, 

Chirf  Signal  Qffloer  United  States. 

Of  course  the  establishment  of  a  regular  signal-service  station  at  Lexington  could 
not  be  thonght  of,  it  being  too  near  Cincinnati  and  Louisville,  and  not  required  for 
the  general  weather  service,  and  so  a  board  of  officers  decided  at  this  office.  The  same 
idea  was  conveyed  to  Mr.  J.  K.  Patterson,  president  of  the  above  college,  in  a  letter 
of  July  31, 1882,  with  appropriate  remarks  and  suggestions  on  the  benefits  of  a  State 
weather  service  and  with  au  invitation  to  co-operate.  Inclosed  in  this  letter  were  2 
copies  of  the  New  York  Herald  of  Febrnary  1. 18B2,  containing  an  article  on  State 
weather  services,  and  2  copies  of  the  act  establishing  a  similar  organization  in  Ohio. 
A  replv  is  expected  daily. 

Much  better  results  were  obtained  in  the  State  of  North  Carolina,  for  here  a  weather 
service  was  found  to  have  been  in  operation  for  years  past,  under  the  supervision  of 
the  State  geologist,  Mr.  W.  C.  Kerr,  with  a  central  station  at  Raleigh.    The  follow- 
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1^:^  letter  received  at  this  office  will  give  a  good  doBoription  of  the  work  done  in  that 
State: 

Gbolooical  Room, 
Baleighy  N.  C,  A^l^,  1-81. 

Sir  :  Yonr  letter  on  the  Biibject  of  an  extension  of  the  weather  service  in  North  Car- 
olina lias  been  referred  by  Governor  Jarvis  to  nie  for  answer. 

Bv  reference  to  the  Geology  of  North  Caro1ina,1^5,  vol.  i,  p.  70,  you  will  see  a  list 
of  The  statioDs,  32  in  nnmber,  where  observations  have  been  secured.  I  am  now  pub- 
lisliing  vol.  ii.  in  which  I  shall  have  about  40  stations.  This  office  has  for  ten  years 
furni.shed  blanks,  instrnments,  envelopes,  postage,  and  instructions  to  observers,  whi^r- 
ever  they  conld  be  obtained,  and  in  a  few  cases  has  paid  a  small  sum,'  one  or  two  dollars 
a  month.  But  not  half  of  the  persons  furnished  with  appliance  continue  to  make  ob- 
servations more  than  a  few  weeks  or  months.  I  furnish  a  rain  gau^e  and  thermometer 
with  blanks  (of  which  I  inclose  a  copy),  and  about  a  dozen  also  with  a  hygrometer — 
Winlock*B  Hydrophant. 

Now,  I  shall  be  glad  of  any  assistance  or  suggestions  looking  to  a  more  complete 
and  effective  service.  The  governor  will  use  his  inflaenoe  to  aid  in  securing  obser- 
vations at  several  public  institutions,  soon  to  be  completed;  but  it  seems  impossible 
to  secure  observations  in  many  counties,  and  even  whole  regions,  without  some  ad- 
ditional inducements.  Through  the  university,  whose  classes  I  meet  in  the  winter, 
and  the  State  normal  school  where  the  teachers  assemble  from  a  large  part  of  the 
State,  which  I  meet  in  the  summer,  I  am  able  to  ascertain  the  best  qntSifled  persons 
willing  to  undertake  the  observations;  but  even  then  my  progress  is  very  slow. 

I  shall  be  glad  to  get  your  instrument  lists;  and  if  your  office  will  furnish  me  such 
intelligence  of  importance  as  you  refer  to,  I  will  make  arrangements  for  its  dissemi- 
nation. 

I  shonld  be  glad  to  have  a  copy  of  vonr  dally  weather  map,  if  it  can,  &€,, 

Yours,  very  respectfnlly, 

W.  C.  KERR. 
General  W.  B.  Hazen, 

Chief  Signal' Officer,  ^c. 

This  letter  was  replied  to  on  June  30,  1881 ;  and  of  which  I  will  give  an  eztracty 
touching  the  more  important  parts. 

War  Department, 
Ofitice  of  the  Chief  Signal  Officer, 

Washington,  D.  C,  June  30,  1881. 

Sir:  In  reply  •  *  *  i  have  the  honor  to  state  that  I  will  issue  in  a  few  days 
a  small  manual  for  the  use  of  volunteer  observers  of  the  Signal  Service,  which  will,  it 
is  hoped,  contain  all  the  necessary  instructions  for  taking  meteorological  observa- 
tions. With  this  you  will  doubtless  be  able  to  increase  the  number  of  obbervers  in 
your  State.  The  Signal  Service  will  further  co-operate  with  you  in  the  supply  of 
blanks  and  stationery,  and  will,  in  return  for  copies  of  monthly  reports,  furnisn  yon 
with  a  copy  of  the  ''Monthly  Weather  Review  "  for  each  observer.  I  think,  however, 
that  it  would  be  well  for  you  to  secure  some  favorable  action  of  tho  State  legislature 
at  the  next  session,  as  suggested  in  my  letter  to  Governor  Jarvis,  as  this  would  give 

the  service  the  authority  of  law,  and  doubtless  secure  more  regularity  in  the  reports. 

#  •  »  •  ••  • 

Very  respectfully,  &c., 

W.  B.  HAZEN. 
Mr.  W.  C.  Kerr, 

State  Geologist,  Baleigh,  N.  C. 

Up  to  date^  however,  this  service  has  not  been  in  co>operation  with  that  of  North 
Carolina,  owing,  probably,  to  the  foot  that  no  answer  was  received  by  this  office  in 
reply  to  communication  of  June  30, 1881. 

Tho  governors  of  the  States  of  Florida,  Louisiana,  and  Mississippi  acknowledged 
tho  importance  of  the  project,  and  promised  to  bring  the  matter  before  the  State  legis- 
lature*. 

The  State  of  Wisconsin,  however,  bids  fair  to  soon  imitate  the  noble  example  set 
by  its  sistOT  States  in  the  establishment  of  State  weather  services.  The  following 
two  lotiers  received  at  this  office  are  the  best  evidence  thereof: 

State  of  Wisconsin, 
Executive  Department,  Madison,  April  15,  1881. 

Sir :  In  reply  to  your  esteemed  fayor  of  the  11th  instant,  I  regret  to  be  obliged  to 
say  that  there  is  no  provision  of  law  whereby  a  **  weather  service ''  can  be  estab- 
lished in  this  State.    But  for  this  circumstance  I  should  be  much  gratified  to  co» 
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• 

operate  with  yon  in  the  directions  indicated  in  the  memorandum  accompanying  yoox 
communication. 

Very  reepectfully,  your  obedient  servant, 

WILLIAM  £.  SMITH, 

Gen'l  W.  B.  Hazek, 

Chief  Signal-Officer,  WashingUm,  D.  C, 

The  second  letter  referred  to  above  is  dated  January  30, 1882,  and  is  as  follows : 

Dear  Sir  :  I  have  this  day  forwarded  to  the  legislature  your  communication  of 
January  23,  with  the  memorandum  therein  contidned,  relative  to  a  State  weather 
service,  as  requested. 

I  express  my  thanks  for  your  letter  and  would  be  pleased  if  this  State  could  be  of 
utility  in  advancing  the  practical  benefits  of  the  science  to  which  your  communication 
relates. 

Very  respectfully,  yours, 

J.  M.  RUSK. 

The  result  of  the  action  of  legislature  has  not  yet  been  received,  but  strong  hopes 
for  the  passage  of  the  bill  are  entertained. 

The  State  of  Nevada,  I  may  say.  has  evinced  great  interest  in  meteorological  re- 
ports. The  following  communication  received  is  ample  proof  of  the  value  it  attaches 
to  meteorological  data. 

State  of  Nevada,  Executive  Departmemt, 

Cahon  City,  ApHl  19, 1881. 

Sib  :  Replying  to  yours  of  the  11th  instant,  relative  to  meteorological  reports  for 
this  State,  to  establish  a  system  of  reports  fit>m  the  several  counties  of  this  State  as 
indicated  in  your  letter  would  require  legislation  for  such  service,  including  ian  ap- 
propriation for  expenses.  As  our  legislature  meets  biennially,  and  has  but  recently 
adjourned,  such  legislation  cannot  be  had  until  1882. 

An  act  was  passed  last  winter  (a  copy  of  which  is  herewith  transmitted)  providing 
for  the  purchase  of  %uch  reports  from  Mr.  Charles  W.  Friend,  from  observations  taken 
by  him  at  this  point. 

Under  proper  arrangements,  perhaps  Mr.  Friend  could.be  induced  to  receive  and 
transmit  to  you  reports  fh>m  this  and  other  points  within  the  State. 
I  respectfully  suggest  that  you  correspond  with  him  upon  the  subject. 
I  am,  sir,  yours,  very  truly, 

JOHN  H.  KINKEAD, 

Oatemar  of  Nevada, 
Oeneral  A.  B.  Hazen, 

Chirf  Signal-Officer,  U.  S.  Army,  WashingUm,  D.  C. 

This  letter  gave  rise  to'  correspondence  with  Ifr.  C.  W.  Friend,  which  resolted  in 
that  gentleman's  intention  of  establishing  a  State  weather  service.  A  report  of  his 
actions  and  progress  has  not  yet  been  received  at  this  office,  but  may  be  expected 
daily. 

The  following  is  a  copy  of  the  act  inclosed  in  Governor  Kinkead's  letter: 

AN  act  to  procure  meteorological  reporU  for  the  State  of  Nevada,  and  to  provide  for  the  payment  of 

the 


The  people  of  the  State  of  Nevada  represented  in  senate  and  assembly  do  enact  asfollows : 
Section  1.  The  secretainr  of  state  ishereby  directed  to  contract  with  Chas.W.  Friend 
for  the  purchase  of  monthly  meteorological  reports  for  the  years  1881  and  1882,  to  be 
filed  in  said  secretary  of  state's  office  for  the  use  and  benefit  of  the  StAte  of  Nevada* 
for  the  sum  of  $12.50,  to  be  paid  monthly  upon  the  receipt  of  said  meteorological  re- 
ports at  the  secretary  of  state's  office.  The  sum  of  $300  in  ^old  coin  is  hereby  appro- 
priated out  of  the  general  fund  from  any  moneys  not  otherwise  specially  appropriated. 

The  governor  of  the  Territory  of  Arizona  readily  foresaw  the  good  results  attending 
such  a  service,  and  offered  his  nearty  co-operation  in  the  matter,  but  no  further  cor- 
respondence was  had  on  the  subject,  owing  perhaps  to  the  numerous  military  posts 
ana  signal-service  stations  in  that  Territory  at  which  meteorological  observations 
are  taken 

While  the  State  of  California  has  as  yet  no  regularly  organized  State  weather  serv- 
ice, strenuous  efforts  are  being  made  by  the  State  engineer,  Mr.  Wm.  Ham  Hall,  to 
accomplish  the  object.  The  following  letter  contains  some  interesting  facts  in  regard 
thereto,  and  is  worthy  of  note: 

49  sia 
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Stats  of  Califobnia,  Office  of  the  Stats  Engineer, 

SacrameniOf  May  12,  1881. 

Sir:  Yoar  communication  concerning  the  establishment  of  a  State  signal  service, 
addressed  to  his  excellency  the  governor  of  California,  under  date  of  April  11,  1881, 
has  been  handed  to  me  with  the  request  that  I  write  in  reply. 

There  are  not  at  this  time  any  systematic  or  extended  meteorological  observations 
being  made  by  State  authority  in  California. 

As  the  result  of  individual  enterprise  or  official  zeal  on  the  part  of  those  in  charge 
of  some  of  the  State  or  county  institutions,  such  service  is  being  pelformed  at  perhaps 
a  dozen  different  ^alious  in  as  many  different  conuties;  but,  I  apprehend,  for  the  most 
part,  in  the  counties  and  towns  or  cities  where  there  are  at  present  observations  made 
under  your  direction. 

Since  assuming  charge  of  this  department  I  have  been  at  some  pains  to  establish  a 
number  of  stations  for  the  observation  of  rainfall  precipitation  in  localities  where 
such  service  was  not  beine  performed. 

This  movement  was  made  with  a  view  of  amassing  data  from  which  to  discuss  the 
question  of  water  supply  for  irrigation  in  the  southern  part  of  the  State,  and  the  ques- 
tion of  arterial  drainage  in  the  northern  valleys. 

A  difficulty  has  been  encountered  in  securing  trustworthy  and  intelligent  observers 
who  will  gratuitously  devote  tbe  time  necessai^  to  the  service  with  the  degree  of  reg- 
ularity essential  for  even  this  class  of  observation,  and  I  fear  that  for  the  observations 
which  would  require  greater  regularity  of  recordation  we  would  be  less  snccesbfnl  in 
securing  the  needful  attendance. 

To  inaugurate  a  really  good  system  of  observations  in  this  State  would  require  the 
sanction  of  special  legislation,  which  we  cannot  hope  to  secure  now  for  the  nest  20 
months  at  least,  seeing  that  the  legislature  does  not  meet  until  January,  1^^. 

Even  then  I  can  hardly  hope  for  a  favorable  consideration  of  the  proposition.  The 
people  of  our  State,  and  especially  those  elected  to  make  the  laws,  have  but  little  ap- 
preciation of  the  economic  value  of  any  scientific  investic^atiou  whatever. 

This  department  haa  barely  escaped  abolition  at  the  hands  of  the  legislature  just 
adjournea ;  yet  our  results  are  such  as  to  appeal  very  much  more  to  the  popular  util- 
itarian idea  of  immediate  returns  than  any  purely  meteorological  work  and  n>«ults 
would  be. 

I  hope  I  appreciate  your  labors  and  suggestions,  and  I  will  be  pleased  to  co-operate 
with  you  in  the  way  you  mention  as  far  as  means  at  hand  will  permit. 

I  will  immediately  have  inquiry  made  as  to  where  we  may  hope  to  secure  the  desired 
observations^  and  prepare  a  schedule  upon  which  I  will  write  you  more  at  length  n 
the  course  of  the  next  few  weeks. 

Meanwhile,  be  kind  enough  to  forward  me  such  information  in  the  nature  of  ''sam- 
ple forms,  instructions  for  taking  observations,  price  lists  of  standard  instrumenta,"  as 
yon  may  have  at  command,  together  with  such  '*  information  relative  to  the  subject 
which  the  experience  of  the  Signal  Service  may  afford,"  and  which  you  think  may  be 

of  service  in  the  premises. 

•  «  •  •  »  If  • 

Very  respectfully,  your  obedient  servant, 

WM.  HAM  HALL, 

State  Enginttr, 
Brig.  Gen.  W.  B.  Hazkn, 

Cki^  Siffnal'Officer,  U,  S,  Army,  yfashingtonf  22.  C. 

Difficulties  mentioned  by  Mr.  Hall  were  met  in  many  States,  and  the  failure  to  suc- 
ceed in  placing  the  matter  before  legislature  was  mainly  due  to  the  fact  thitt  the  sea- 
sion  in  mostly  every  instance  was  near  its  close  and  would  not  meet  again  until  1883. 
By  that  time  steps  will  be  taken  to  increase  the  State  weather  services  and  induce  the 
legislatures  to  look  upon  this  subject  with  favor. 

In  conclusion  I  mav  say  that,  as  a  preliminary  step,  several  copies  of  the  act  of  the 
ffeneral  assembly  of  Ohio  relating  to  a  State  weather  service  have  been  sent  to  Sergt. 
W.  U.  Simons,  at  Little  Rock,  Ark.,  to  be  distributed  by  him  to  scientific  people  and 
others  interested  in  like  organizations.  It  will  no  doubt  induce  them  to  compete  with 
other  States  in  the  progress  of  science. 

Great  hopes  are  therefore  entertained  that  the  coming  year  1883  will  be  one  in  which 
this  service  takes  an  important  step  in  the  advancement  of  its  usefulness  and  the  pro- 
motion of  the  science  of  meteorology. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

H.  H.  C.  DTJNWOODY, 
Firat  Lieutenant,  Fourth  Artillery^  A,  S,  0.  and  Aa$iatant. 
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Th3  following  table  of  ocean  mean  data,  from  observations  taken  at  7.00  a.  m.,  Wash 
ington,  or  0.08  p.  m.  Greenwich  mean  time,  is  computed  from  the  isobars,  isotherms- 
and  wind  directions  of  the  daily  international  charts,  which  latter  are  based  upon  the 
data  obtained  from  the  logs  of  vessels  for  the  mouth  of  January,  1881: 


Ocean  square  bounded  by— 


N.  30  and 

If.  35  and 
N.  35  and 
N.  30  and 
N.  40  and 
K.  45  and 
N.  45  and 
If.  40  and 
N.  50  and 
^.  55  and 
N.  55  and 
N.  50  and 
N.  10  and 
N.  15  and 
N.  15  and 
N.  10  and 
N.  20 and 
N.  25  and 
N.  25  and 
N.  20 and 
N.  80  and 
N.  35  and 
N.  35  and 
N.  30  and 
If.  40  and 
If.  45  and 
N.  45  and 
If.  40  and 
N.  50  and 
X.  55  and 
N.  55  and 
N.  50  and 
N.  20  and 
N.  25  and 
Tf.25and 
N.  20  and 
:N.30and 
:^f.35and 
:Pf.35and 
N.  30 and 
If.  40  and 
N.  45  and 
N.  45  and 
Tf.40ond 
N.  50  and 
:N.55and 
Tf .  55  and 
N.  50  and 
"N.  30  and 
N.  35  and 
:^f.a5and 
N.  30  and 
7^.40  and 
N.  45  and 
N.  45  and 
N.  40  and 
?f.50and 
:N.  M  and 
N.  55  and 
N.  50  and 
Tf .  30  and 
N.  35  and 
Tf.35and 
N.  30  and 
Tf.-lOaiid 
N.  40  and 
N.  80  and 


35,  W. 
40,  W. 
40,  W. 
35,  W. 
45,  W. 
50,  W. 
60,  W. 
45,  W. 
55,  W. 
60,  W. 
60,  W. 
55,  W. 
15.  W. 
20,  W. 
20,  W. 
15,  \V. 
25,  W. 
30,  W. 
30,  W. 
25,  W. 
35,  W. 
40,  W. 
40,  W. 
35,  W. 
45,  W. 
50,  W. 
50,  W. 
45,  W. 
55,  W. 
00,  W. 
60,  W. 
55,  W. 
25,  W. 
30,  W. 
30,  W. 
23.  W. 
a5,  VV. 
40,  W. 
40,  W. 
35,  W. 
45,  W. 
50,  W. 
30,  W. 
45,  W. 
55,  W. 
GO,  W. 
«),  W. 
;>5,  W. 
35,  W. 
40,  W. 
40.  W. 
35,  W. 
45,  W. 
50.  W. 
50,  W. 
45,  W. 
55,  W. 
fiO,  W. 
60,  W. 
55,  W. 
.33,  W. 
40,  W. 
4').  W. 
35.  W. 

i-»,w. 

45,  W. 
35,  W. 


10 
10 
15 
15 
10 
10 
15 
15 
10 
10 
15 
15 
20 
20 
25 
25 
20 
20 
25 
25 
20 
20 
25 
25 
20. 
20 
25 
25 
20 
20 
25 
23 

:jo 

30 
35 
35 
30 
30 
35 
35 
30 
30 

a5 

.33 

30 
30 
.35 

;i5 

40 
10 
45 
45 
40 
40 
45 
45 
40 
40 
45 
45 
.50 
.50 
.55 
.53 
.55) 
.55 
CO 


and  15. 
and  15. 
and  20. 
and  20. 
and  13. 
and  15. 
and  20. 
and  20. 
and  15. 
and  15. 
and  20. 
and  20. 
and  25. 
and  25. 
and  30. 
and  30. 
and  25. 
and  25. 
and  30. 
and  30. 
and  25. 
and  25. 
and  30. 
and  30. 
and  25. 
and  25. 
and  30. 
and  30. 
and  25. 
and  25. 
an<I  30. 
ai^d  30. 
r.nd  33. 
and  35. 
and  '10. 
and  40. 
and  35. 
and  35. 
and  40. 
ond40. 
and  35. 
and  35. 
and  40. 
and  40. 
and  .35. 
and  .35. 
one!  40. 
and  40. 
and  45. 
and  45. 
and  50. 
and  50. 
and  45 
and  45. 
and  50. 
and  50. 
and  45. 
and  43. 
and  .50. 
and  50. 
and  55. 
and  .55. 
and  60. 
and  60. 
nnd  .55. 
and  60. 
and  69. 


Barometer. 

Tempera- 
ture. 

j;  wind. 

e 

• 

• 

9 

d 

• 

5 

4) 

0* 

s. 

1 

e 

3 

1 

s 

> 

SW. 

Force, 

29.97 

761.2 

04.9 

18.3 

8.1 

29.87 

75S.7 

58.7 

14.8 

sw. 

4.0 

29.80 

750.9 

00.1 

16.0 

sw. 

4.6 

29.89 

759.2 

05.0 

18.3 

sw. 

3.5 

29.75 

755.0 

51.6 

10.8 

SE.:  NE. 
NE. 

S.8 

29.77 

750.1 

48.2 

9.0 

4.7 

29.73 

755.1 

50.4 

10.2 

NE.:  SB. 
SE. 

6.3 

29.70 

754.4 

53.0 

12.0 

6.1 

29.85 

758.2 

42.2 

6.7 

NE. 

4.0 

29.91 

759.7 

39.5 

4.2 

NE. 

8.8 

29.93 

760.2 

39.5 

4.2 

NE. 

4.1 

29.87 

758.7 

44.1 

0.7 

NE. 

4.7 

29.96 

701.5 

79.8 

20.0 

NE. 

2.0 

30.02 

762.5 

70.3 

24.0 

NE. 

2.0 

30.02 

702.5 

70.4 

24.7 

NE. 

2.0 

30.00 

762.0 

79.3 

20.3 

NE. 

2.1 

80.00 

762.0 

71.9 

22.2 

NE. 

2.0 

29.95 

760.7 

08.2 

20.1 

SW. 

8.1 

C9.90 

759.4 

08.0 

20.0 

SW. 

8.4 

29.97 

761.2 

71.5 

21.9 

NE. 

2.9 

29.79 

760.7 

04.2 

17.9 

SW. 

4.4 

29.67 

75.3.0 

00.0 

15.0 

SW. 

4.  ft 

29.62 

752.3 

69.3 

15.2 

SW. 

8.8 

29.72 

751.9 

03.1 

17.3 

sw. 

8.8 

29.65 

753.1 

54.7 

12.0 

SE. 

4.» 

29.67 

753.0 

61.2 

10.7 

NE. :  SE. 
S\¥. 

5.4 

29.61 

752. 1 

51.4 

10.8 

6.5 

29.58 

751.3 

54.4 

12.4 

SE. 

4.9 

29.80 

756.9 

45.1 

7.3 

NE. 

4.8 

29.92 

760.0 

37.8 

3.2 

NE. 

4.4 

29.90 

7.50.4 

38.0 

3.3 

NE. 

4.3 

29.79 

756.7 

44.2 

0.8 

NE. 

4.9 

29.90 

761.0 

71.0 

21.7 

NE. 

2.7 

29.86 

758.4 

67.4 

19.7 

SW. 

8.1 

29.87 

758.7 

07.1 

19.5 

SW. 

3,0 

29.97 

761.2 

71.4 

21.9 

NE. 

2.1 

29.70 

7.54.4 

62.5 

10.9 

SW. 

3.9 

29.  CO 

751.8 

58.4 

14.7 

&W. 

8.8 

29.62 

7.52.3 

57.9 

14.4 

SW. 

8.8 

29.  n 

754.0 

01.8 

10.0 

SW. 

3.2 

29.53 

750.0 

54.1 

12.3 

SW. 

4.0 

29.54 

750.3 

50.4 

10.2 

SE. 

6.0 

29.  .52 

749.8 

49.0 

9.4 

NE. 

6.1 

29.41 

747.0 

52.0 

11.1 

NE. 

4.8 

29.73 

755.1 

43.2 

0.2 

NE. 

6.1 

29.86 

7.58. 4 

36.8 

2.7 

NE. 

4.4 

2<>.S4 

7.57.9 

a5.9 

2.2 

NE. 

8.7 

29.72 

7.54.9 

40.3 

4.0 

NE. 

4.5 

29.77 

7.56. 1 

61.5 

10.4 

aw. 

3.4 

29.07 

753.6 

58.3 

14.6 

SW. 

3.9 

29.73 

755. 1 

.54.1 

12.3 

xw. 

4.2 

29.  S2 

7.57.4 

61.1 

10.2 

NW. 

4.1 

29.55 

7.50. 6 

'49.3 

9.0 

NE. 

4.5 

29.  .54 

750.3 

4.3.9 

0.0 

NE. 

4.8 

29.61 

7.52. 1 

37.3 

2.9 

NE. 

4.1 

29.62 

752.3 

41.9 

5.5 

NW. 

4.0 

20.71 

754.0 

.37.5 

3.1 

NE. 

4.1 

29.  M 

757.9 

.3.3.7 

0.9 

NE. 

3.6 

29.  M 

737. 9 

31.0 

—  0. 6 

NE. 

3.3 

20.76 

7.55.9 

.31.2 

—  0.5 

NW. 

3.6 

29. 90 

7.59.4 

61.0 

16.1 

NW. 

8.7 

21>.80 

756.9 

.53.0 

11.7 

NW. 

4.2 

29.87 

758.7 

,  52.3 

11.3 

NW. 

4.1 

2*).  96 

761.0 

60.8 

16.0 

NW. 

3.6 

2\70 

751.4 

.3<5.7 

2.6 

NW. 

4.2 

2:>.  7R 

756.4 

31.9 

—  O.I 

NW. 

4.2 

30.03 

762.7 

'  60.9 

•    10.1 

NW. 

3.7 

820 
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Ocean  square  bounded  by— 


N.  35  and  40,  W.  60  and  C5 
N.  35  and  40,  W.  65  and  70 
N.  90  and  S5,  W.  65  and  70 
K.  40  and  45,  W.  60  and  G5 
N.  40  and  45,  W.  65  and  70 
N.  25  and  30,  W.  70  and  75 
N.  25  an<l  30,  W.  75  and  80 
N.  30  and  S5,  W.  70  and  75 
N.  m  and  40,  W.  70  and  75 
N.  80  and  85,  W.  75  and  80 


Barometer. 

5 

« 

s 

a 

A 

JS! 

C 

>-« 

a 

^ 

29.96 

761.0 

80.06 

7G3.5 

80.08 

764.0 

20.02 

7G0.0 

30.01 

702.2 

30.12 

765. 0 

80.14 

765.5 

80.12 

765.0 

80.10 

764.5 

80.16 

766.1 

Tempera- 
ture. 


a 


0) 

! 


^  ' 

e 

£ 

3 

49.6 

9.8 

46.0 

7.8 

56.5 

13.6 

20.0 

—  1.1 

24.6 

—  4.1 

07.7 

19.8 

61.4 

16.3 

53.1 

11.7 

38.5 

3.6 

45.3 

7.4 

a 


a 


04 


NW. 
NW. 
NW. 
NAV. 
NW. 
NW. 
NE. 

K\y. 

NW. 

N. 


8.9 
3.9 
3.7 
4.0 
3.5 
3.2 
3.1 
3.4 
3.5 
2.S 


The  following  table  shows  the  position  of  ocean  squares,  the  total  number  of  observa- 
tions, and  the  number  of  days  on  which  observations  were  taken  for  each  square  during 
the  month  of  January,  1881 : 


Ooean  aquare  bounded  by— 


N.  66  and 
N.  35  and 
N.  35  and 
N.  80  and 
N.  40  and 
N.  45  and 
N.  45  and 
N.  40  and 
N.  50  and 
N.  66  and 
N.  55  and 
N.  60  and 
N.  10  and 
K.  15  and 
N.  20  and 
N.  25  and 
N.  20  and 
N.  30  and 
N.  85  and 
N.  35  and 
N.  40  and 
If.  45  and 
N.  45  and 
M.  40  and 
N.  50  and 
N.  50  and 
N.  50  and 
N.  35  and 
N.  35  and 
N.  80  and 
M.  40  and 
N.  45  and 
N.  45  and 
N.  40  and 
N.  50  and 
N.  50  and 
N.  35  and 
If.  40  and 
N.  45  and 
N.  45  and 
N.  40  and 
N.  45  and 
K.  45  and 
N.  40  and 
N.  40  and 
K.  80  and 


flO, 
40, 
40, 

?' 
45, 

80, 
50, 
«, 
55, 

60, 
«0. 
M, 

15, 
20. 
26, 
80, 

S; 

40. 
40, 
45. 
60, 
60. 
45, 
65, 
66, 
65, 
40, 
40, 
35. 
45, 
60, 
50, 
45, 
65, 
55, 

45, 
50, 
60, 
45. 
50, 
50, 
45. 
ATk 
35. 


W.  6 
W.IO 
W.15 
W.15 
W.IO 
W.IO 
w.15 
W.16 
W.IO 
W.IO 
W.15 
W.15 
W.20 
W.25 
W.20 

w.ao 

w.25 
W.20 
W.20 
W.25 
W.20 
W.20 
W.25 
W.25 
W.20 
W.25 
W.  6 
W.80 
W.85 
W.35 
W.80 
W.80 
W.85 
W.35 
W.8D 
W.a5 
W.40 
W.40 
W.40 
W.45 
W.46 
W.60 
W.66 
W.60 
W.W 
W.CO 


and  10. 
and  15. 
and  20. 
and  20. 
and  15. 
and  15. 
and  20. 
and  20. 
and  15. 


and  15 ».. 

and  20 

and  20 

and  25 

and  30 

and  25 

and  25 

and  80 

and  25 

and  25 

and  80 

and  25 

and  25 

and  80. 

and  30 

and  25 

and  30 ■. 

and  10 

and  85 

and  40 

and  40.. 

and  85 

and  85 

and  40 

and  40 « 

and  85 .-. 

and  40 « 

and  46 ;....... 

and  45 „ 

and  45 

and  00 ., 

and  SO...... 

and  05 

and  60 : 

andM 

iimlGO 

nud65 


1 

1 

1 

1 

10 

lO 

12 

IS 

4 

4 

12 

13 

7 

8 

2 

2 

7 

» 

1 

1 

1 

1 

11 

16 

1 

1 

8 

8 

8 

12 

7 

10 

8 

S 

10 

12 

8 

11 

1 

1 

2 

2 

8 

» 

12 

14 

1 

1 

10 

12 

9 

10 

12 

13 

2 

2 

3 

3 

1 

1 

1 

1 

13 

15 

13 

15 

1 

1 

4 

5 

2 

3 

1 

1 

5 

5 

11 

1.1 

14 

16 

7 

7 

S 

4 

1 

1 

14 

17 

in 

IS 

2 

2 
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Ocean  aquare  bounded  by — 


N.SSand 
N.  35  and 
N.  30  and 
N.  40  and 
:N.40and 
If.  40  and 
N.3i)and 
l<i .  33  and 
N.  30  and 
N.  45  and 
N.SSand 
N.SSand 
N.  23  and 
N.  23  and 
N.  25  and 
N.  25  and 
N.  20  and 
JS.  20  and 
N.  20  and 
N.  15  and 
N.  15  and 
N.  15  and 
N.  13  and 
N.  15  and 
N.  10  and 
N.  10  and 
N.  10  and 
N.  10  and 
N.  10  and 
N.  10  and 
N.  10  and 


40, 
40, 
85, 
45, 
45, 
45, 
as, 
40, 
35, 
50, 
40, 
40, 

30, 
30, 
30, 
30, 
25, 
25, 
25, 
LM, 
20, 
20, 
20, 
29. 
15, 
15, 
15, 
15, 

15, 

15, 
15. 


W. 

w. 
w. 
w. 
\v. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 


60  and  65. 
G5  and  70. 
65  and  70. 
60  and  65. 
65  and  70. 
70  and  75. 
70  and  75. 
70  and  75. 
75  and  80. 
5  and  10. 
65  and  70. 
70  and  75. 
15  and  20 
40  and  45. 
55  and  60. 
60  and  05. 
45  and  50. 
55  and  60. 
60  and  63. 
30  and  85. 
85  and  40. 
50  and  55. 
55  and  60. 
60  and  65. 
20  and  25. 
40  and  45. 
45  and  SO. 
60  and  55. 
55  and  60. 
60  and  65. 
70  and  75. 


I- 

s 


a 


ft.  o 


n 

550 


2 

2 

3 

3 

4 

4 

13 

22 

11 

18 

2 

2 

2 

2 

9 

18 

2 

2 

11 

12 

9 

la 

6 

e 

4 

4 

2 

2 

3 

3 

3 

8 

2 

2 

2 

2 

8 

8 

2 

2 

2 

2 

2 

2 

3 

8 

5 

5 

1 

1 

3 

8 

1 

1 

1 

1 

4 

e 

C 

e 

1 

1 

GENERAL  REMARKS. 

All  data  which  appear  in  the  Daily  Bulletin  of  Simaltaneous  Meteorological  Oheer- 
vations  are  copied  from  the  regular  exchanges  of  this  office.  The  harometer  readings  for 
land  stations,  in  the  first  and  second  colomns,  ore  reduced  to  freezing  and  their  respective 
standards;  those  in  the  third  and  fourth  columns  to  sea-level.  When  necessary ,  cor- 
rections for  instrumental  error,  temperature  and  reduction  to  sea-level  are  applied  at  this 
office.  In  the  Naval  and  Marine  Series,  corrections  for  temperature  and  reduction  to 
sea-level  are  always  applied,  while  those  for  instrumental  error  only,  when  such  correc- 
tions can  be  ascertained  with  close  approximation,  as  by  comparison  when  vessels  are  at 
or  near  land  stations.  Relative  humidity  generally  requires  computation  from  the  hy- 
^rometrical  observations,  ^yhen  rain  has  fallen,  but  neither  the  amount  or  duration  is 
recorded,  the  word  ** blank''  is  published  in  the  rainfall  column.  The  weather  is  gen- 
erally published  as  given.  The  following  symbols  and  abbreviations  are  common  to  all 
series,  viz:  f,  aneroid;  *,  instrumental  error  not  known;  |,  observations  taken  at  7.35 
a.  m.,  Washington  mean  time;  c,  cirrus;  k,  cumulus;  s,  stratus;  n,  nimbus;  d,  scud;  f, 
frocto;  p,  pallio;  hz,  haze;  fg,  fog;  sk,  smoke;  d.  clouds,  detached  clouds.  The  move- 
ment of  the  air  is  published  as  given  on  the  originals,  when  indicated  by  velocity  in 
miles  per  hour,  in  meters  per  second,  or  by  force,  all  variations  of  the  latter  being  re- 
duced to  the  common  scale  of  0  to  10.  Those  stations  reporting  the  movement  in  pounds 
pressure  per  square  foot  are  reduced  to  force  on  the  common  scale,  and  those  in  kilo- 
meters per  hour,  to  meters  per  second  and  miles  per  hour.  The  distinction  between  up- 
per and  lower  c4ouds  is  carefully  made  in  the  United  States  and  a  portion  of  the  Cana- 
dian series,  and  the  various  formations  are  indicated  by  the  letters  heretofore  given  and 
their  combinations.  In  the  Monthly  Summary  of  International  Simultaneous  Meteoro- 
logical Obser\'ations  the  position  of  stations  (latitude  and  longitude)  are  obtained  f¥om 
Keith  Johnson's  Index  Geographicus,  except  where  more  exact  information  is  furnished. 
The  elevations  of  stations  are  obtained  either  from  the  annual,  semi-annual,  and  monthly 
publications  of  the  various  meteorological  bureaus  here  represented,  or  from  the  original 
forms,  upon  which  are  entered  the  dmly  observations.  In  the  United  States  series  the 
elevations  are  computed  from  the  latest  surveys,  and  are  carefully  revised  each  month, 
in  order  to  note  any  change  in  the  elevation  of  the  barometer  cistern  at  any  station.  It 
is  believed  for  the  mbet  part  that  throughout  the  European  and  other  scries  the  eleva- 
tions as  given  represent  the  height  of  the  barometer  cistern  above  sea-level;  at  least  this 
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should  be  the  case.  The  local  time,  where  omitted  or  not  given  correctly  in  the  originate^ 
is  carefully  conipiUed  at  this  office.  Generally,  all  conversions  are  made  at  this  office. 
A  letter  placed  opposite  the  name  of  a  station  or  some  portion  of  the  data  credited  thereto 
indicates  that  a  certain  number  of  observations  are  miming,  corresponding  to  the  relative 
position  in  the  alphabet  of  the  letter  so  used.  The  following  remarks  relate  to  the  in- 
dividual peculiarities  in  the  m(  thof/s  of  recording  and  the  timc8  of  taking  the  international 
simultaneous  meteorological  ob6er^'ations,  under  the  auspices  of  the  varions  Meteoro- 
logical Bureau: 

Algerian  Series. — ^Thc  originals  give  the  barometer  in  millimeters  reduced  to  sea- 
level;  tempcratare  in  centigrade.  The  movement  of  the  air  is  indicated  by  force  on  a 
scale  of  0  to  10.  The  raiulall  is  measured  at  7  a.  m.,  local  time,  and  the  amount  indi- 
catetl  in  millimeters. 

Australian  Series. — At  Melbourne  the  conversions  are  published  as  given  in  the 
origioals.  The  movemeni  of  the  air  is  indicated  by  velocity  in  miles  per  hour.  The 
kind  of  clouds  is  not  given  except  by  inference  from  general  weather  terms.  At  Hobart 
Town  the  baroq.ictcr  is  given  in  English  inches  reduced  to  sea-level.  The  movement  of 
the  air  is  indicated  in  pounds  pressure  per  s<iuare  foot.  The  kind  of  clouds  is  given  and 
indicated  by  abbreviating  the  English  nomenclature. 

AusTRO-HuNOARiAN  SERIES. — The  originals  give  the  barometer  in  millimeters  re- 
duced to  sea-level,  and  the  temperature  in  centigrade.  At  the  following  stations  the 
rainiall  is  measured  by  local  time:  Lcmbur^,  7  p.  m. ;  Vienna^  2  p.  m. ;  Trieste,  7  a.  m. 
The  weather  is  given  by  the  Vienna  symbols  or  in  general  terms.  At  Gnitz  observa- 
tions arc  made  at  2  p.  m.,  local  time. 

Bp:lg IAN  Series. — ^The  originals  give  the  barometer  in  mHlimeters  reduced  to  sea- 
level,  and  the  temperature  in  centigrade.  Tlie  weather  is  occasionally  given  by  the 
Vienna  symbols.  Except  for  Brussels,  the  distinction  between  upper  and  lower  clouda 
is  not  made.  At  Furnes  observations  arc  taken  at  12.26  p.  m.,  local  time,  and  at  Maes- 
eyck  at  1  p.  m.,  local  time. 

British  Series. — In  general  the  originals  do  not  give  rainlall  or  distinction  between 
upper  and  lower  clouds.  Relative  humidity,  except  lor  Bradford  and  Silloth  Rectory  is 
not  given  on  the  originals,  but  is  computed  from  hygrometrical  observations.  At  Card- 
ington,  Galway,  Oxford,  and  Sandwick  Manse  the  barometers  are  given  as  read  off.  At 
Free  Town  the  barometer  is  reduced  to  freezing  on  the  Originals,  but  not  to  sea-level. 
The  movement  of  the  air  is  indicated  by  force,  on  a  scale  of  0  to  12,  except  pounds  press- 
ure per  stiuare  foot  at  Greenwich.  At  the  following  stations  rainfall  is  measured  by 
local  time:  Bradford,  9  a  m. ;  Nottingham,  6  p.  m. ;  and  Aberdeen,  10  a.  m.  The  wind 
directions  are  given  to  32  points  and  weather  by  the  Beaufort  notation. 

Caxai>ian  Series. — ^Thc  originals  give  the  barometer  reduced  to  sea-level  in  English 
inches  and  the  temperature  in  Fahrenheit.  The  movement  of  the  air  is  indicated  by  the 
Beaufort  scale,  except  at  St.  Pierre,  where  it  is  given  on  a  scale  of  0  to  7.  Charlotte 
town,  St.  Andrews,  Windsor,  and  those  stations  marked  with  a  star  (*)  give  the  clouda 
on  a  scale  of  0  to  4.  while  the  remainder  report-  them  on  a  scale  of  0  to  10. 

Cape  Colony  Series. — At  Cape  Town  the  barometer  is  given  on  the  original  as  cor- 
rected for  temperature  only.  Upper  and  lower  clouds  are  given  on  a  scale  of  0  to  10,  and 
the  kind  occasionally  indicated  by  abbreviating  Pocy's  classification. 

Chinese  Series. — The  originals  give  the  barometer  in  millimeters  reduced  to  sea- 
level  and  the  temperature  in  centigrade.  The  movement  of  the  air  is  given  in  meters 
per  second  and  the  direction  to  16  points.  The  kind  of  clouds  is  occasionally  given,  and 
the  degree  of  cloudiness  on  the  scale  of  0  to  10;  distinction  between  upper  and  lower 
cloads  is  sometimes  made.  The  wftither  is  given  in  general  (I^nch)  terms.  The  rain- 
Hill  is  given  in  millimeters  and  measured  at  the  moment  of  simultaneous  observ^ation. 

Costa  Rtcan  Series. — At  San  Jose  the  originals  give  the  barometer  as  corrected  for 
temperature  only,  and  the  thermometer  in  centigrade.  Kelative  humidity  is  not  given 
on  the  originals,  but  is  computed  from  the  hygrometrical  observations.  Upper  and  lower 
clouds  are  given,  the  amount  on  a  scale  of  0  to  10  and  the  kind  by  Howanl's  classifica- 
tion.    The  rainfall  is  apparently  measured  at  midnight.  ^ 

Danish  Series. — The  originals  give  the  barometer  in  millimeters  reduced  to  sea- 
level  and  the  temperature  in  centigrade.  The  movement  of  the  air  is  indicated  ))y  force, 
on  a  scale  of  0  to  6.  The  weather  is  occasionally  given  by  the  Vienna  symbols,  but  it  is 
nut  certain  that  they  always  refer  to  the  moment  of  simultaneous  observations,  except  at 
Copenhagen.  No  distinction  is  made  between  upi)er  and  lower  clouds,  and  the  direction 
of  movement,  together  with  the  rainfall,  is  entirely  omitted. 

French  Sehfes. — ^The  originals  give  the  barometer  in  millimeters  retluced  to  sea- 
level  and  the  temperature  in  centigrade.  The  nu>voineut  of  the  air  is  indicateil  by  force 
on  a  .scale  of  0  to  6,  except  in  meters  per  second,  lor  Mont  I^nis  and  Peq>iguan.  In 
general  the  rainfall  is  measured  at  i)  a.  m.,  local  time,  but  at  Lycms  at  the  moment  of 
simultaneous  ob^rvation.     The  direction  of  upper  and  lower  cUmds  is  given,  but  no 
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distinction  is  made  in  kind.  The  d^^ree  of  dondiness  is  given  on  a  scale  of  0  to  4  at 
Clermpnt-FeiTand,  Commnne  de  Greasque,  and  Pay  de  Dome,  while  at  otherstations 
the  sdile  of  0  to  10  is  employed,  or  general  weather  terms,  from  which  the  amount  of 
clondiness  is  inferred.  The  weather  is  given  in  general  terms,  except  occasionally  by 
the  Vienna  sjnodbols  at  Mont  Lonis  and  Perpignan. 

GSRMAN  Sebies. — The  orignols  give  the  barometer  in  millimeters  reduced  to  sea- 
level  and  the  temperature  in  centigrade.  The  movement  of  the  air  is  indicated  by  force 
on  a  scale  of  0  to  10,  except  at  Carlsruhe,  where  the  scale  of  0  to  4  is  used.  No  distinc- 
tion is  made  between  upper  and  lower  clouds;  the  amount  is  given  on  a  scale  of  0  to  10, 
but  the  kind  is  rarely  given.  The  weather  is  given  in  Vienna  symbols  or  in  general 
terms. 

Gbbek  Seeibs. — ^Tbe  originals  give  the  barometer  corrected  for  temperature  only  and 
the  thermometer  in  oentignide.  Hygroqietrical  observations  are  no't  given,  and  the  rain- 
&11  is  omitted.  The  kind  of  clouds  is  occasionally  given,  and  the  amount  is  inferred 
from  the  general  weather  terms.  The  movement  of  the  air  is  indicated  by  force  and 
is  given  on  the  scale  of  0  to  10. 

IiTDiAN  SEBIB9. — ^Tbe  barometric  observations  refer  to  the  Calcutta  standard,  whic 
requires  a  correction  of — 0.011  inch,  or  0.28  m.  m.  as  compared  with  the  Kew  standard. 
The  wind- velocity  given  is  the  average  rate  of  wind  since  the  observation  of  the  preced- 
ing day.  All  conversions  are  publiSbed  as  given  in  the  originals,  where  the  data  are 
recorded  to  an  additional  decimal.  The  weather  is  given  by  the  Beaufort  notation, 
Vienna  symbols,  or  special  symbols. 

Italian  Sebies. — ^The  originals  give  the  barometer  in  millimeters  reduced  to  sea- 
level  and  the  temperature  in  centigrade.  The  movement  of  the  air  is  indicated  by  veloc- 
ity in  kilometers  per  hour  or  by  force  on  a  scale  of  0  to  4  at  Mondovi,  Florence,  and  Cag- 
liari.  No  distinction  is  made  between  upper  and  lower  clouds,  and  the  amount  is  given 
on  a  scale  of  0  to  10.    The  weather  is  given  in  Vienna  symbols. 

Japanese  Sebies. — ^The  rainfall  is  measured  at  9. 30 'a.  m.,  local  time,  and  the  con- 
versions are  all  published  as  given  in  the  originals.  Distinction  is  generally  made  be- 
tween upper  and  lower  clouds,  and  the  amount  is  given  on  the  scale  of  0  to  10.  The 
weather  is  given  in  general  terms. 

Maubitius  Sebies. — ^AU  conversions  are  published  as  given  in  the  originals.  Tlie 
direction  of  the  wind  is  given  to  64  points,  and  the  rainfibll  is  measured  at  9.30  a.  m., 
local  time. 

Mexican  Sebies. — All  conversions  (subject  to  correction  at  this  office)  are  published 
as  given  in  the  originals.  The  kind  of  clouds  are  given,  and  also  the  direction  and 
amount  of  both  upper  and  lower.  The  degree  of  cloudiness  is  indicated  on  the  scale  of 
Oto  10. 

Netheblands  Series. — The  originals  give  the  barometer  in  millimeters  reduced  to 
sea-level  and  the  temperature  in  centigrade.  The  movement  of  the  air  is  indicated  by 
pressure  in  kilograms  per  square  meter,  except  at  Hellevoetsluis,  which  gives  force  On 
the  scale  of  0  to  12.  The  humidity  is  not  given  on  the  originals,  but  for  two  stations  it 
is  computed  from  the  hygrometrical  observations.  The  weather  is  only  given  for  Utrecht, 
from  which  the  amount  of  cloudiness  at  tliat  station  is  inferred. 

Nobweoian  Serieh. — The  originals  give  the  barometef  in  millimeters  reduced  to 
sea-level  and  the  temperature  in  centigrade.  The  movement  of  the  air  is  indicated  by 
velocity  in  meters  per  second  or  by  force  on  a  scale  of  0  to  0.  The  weather  is  occasion- 
ally given  by  Vienna  symbols.  At  Bergen,  observations  upon  the  weather  and  degree 
of  cloudiness  are  made  at  2  p.  m.,  local  time. 

Portuguese  8erie.s. — In  the  originals  the  barometer  is  j^iven  in  millimeters  and  the 
temperature  in  centigrade.  The  movement  of  the  air  is  indiciited  by  velocity  in  kilo- 
meters per  hour,  except  at  Augra,  whicli  gives  force  on  the  scale  of  0  to  9.  The  weather 
is  occasionally  given  by  the  Vienna  symbols.  The  rainfall  is  measured  at  noon  of  each 
day. 

Russian  Series. — Th«-  originals  give  the  barometer  in  millimeters  reduced  to  sea- 
level  and  the  temperature  in  centigrade.  The  movement  of  the  air  Ls  indicated  by  veloc- 
ity in  meters  per  second.  No  distinction  is  made  lietween  upper  and  lower  clouds;  the 
amount  is  given  on  the  scale  of  0  to  10,  and  the  kind  occasionally.  The  weather  is  oc- 
casionally given  by  the  Vienna  symbols.     The  rainlhll  is  not  given. 

Scottish  Serirs. — The  originals  give  the  barometer  as  read  oiTand  the  movement  of 
the  air  is  indicated  by  force  on  a  scale  of  0  to  6.  Distinction  is  mode  between  upper  and 
lower  clouds  as  to  degree  and  the  amount  of  cloudiness  is  given  on  a  scale  of  0  to  10. 
The  direction  of  upper  clouds  is  given  separately.  The  rainfiiU  and  humidity  are  not 
given  at  North  Unst.     The  wind  direction  is  given  to  32  points. 

Spanish  Sebies. — The  originals  give  the  barometer  at  Barcelona,  Bilbao,  Burgos, 
Murcia,  and  Santiago  as  corrected  for  temperature  only.  The  movement  of  the  air,  ex- 
cept for  subseries,  is  given  in  kilometers  per  hour.     The  kind  of  clouds  is  occasionally 
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given  and  the  degree  of  doadiness  on  a  scale  of  0  to  10.  The  ndnfidl  at  San  Juan  is 
measnred  at  4  p.  m.,  local  time,  and  at  San  Fernando  at  midnight.  The  weather  is 
given  in  general  (Spanish)  terms. 

Swedish  Seribs. — ^The  originals  give  the  barometer  in  millimeters  reduced  to  sea- 
level,  and  the  temperature  in  oenti^ade.  The  movement  of  the  air  is  indicated  by 
foTX»,  on  a  scale  of  0  to  6,  except  in  meters  x>er  second  for  Upsala.  The  kind  of  donds  is 
not  given,  but  the  degree  of  cloudiness  is  indicated  on  a  scale  of  0  to  10.  The  rain^l 
is  measured  at  8  a.  m.,  local  time,  and  the  weather  is  occasionally  given  by  the  Vienna 
symbols. 

Swiss  Series. — The  originals  give  the  barometer  in  millimeters  corrected  for  tem- 
perature only  and  the  thermometer  in  centigrade.  The  movement  of  the  air  is  indi- 
cated by  force  on  a  scale  of  0  to  10,  and  at  Zurich  on  a  scale  of  0  to  4.  The  rainfidl  at 
Zurich  is  measured  at  9  a.  m.,  local  time. 

Turkish  Series.— The  originals  give  the  barometer  in  millimeters  reduced  to  sea- 
level.  The  temperature  is  given  in  centigrade.  The  movement  of  the  air  is  indicated 
by  force,  on  a  scale  of  0  to  7  for  Valona,  and  on  a  scale  of  0  to  12  for  Beirut.  At  Con- 
stantinople the  velocity  is  given  in  meters  per  second.  The  kind  of  clouds  is  not  given, 
but  the  amount  is  indicated  on  a  scale  of  0  to  10,  except  at  Valona,  at  which  station  it 
is  inferred  from  the  general  weather  terms. 

United  Statsb'Sebisb. — ^The  originals  generally  give  the  barometer  reduced  to  sea^ 
level  and  the  temperature  in  Fahrenheit.  At  Bogota  the  barometer  is  corrected  for  tem- 
X>erature  only;  at  Navaasa  and  Puerto  Berrio  is  given  as  read  off,  and  at  Rivas  is  omitted. 
The  amount  of  cloudiness  is  given  on  the  scale  of  0  to  4,  except  for  Rivas,  Paramaribo, 
and  York  Factory.  The  movement  of  the  air  is  generally  indicated  by  velodly  in  miles 
I>er  hour,  except  on  a  scale  of  0  to  10  for  Bogota,  Paramaribo,  and  Rivas,  and  0  to  12  for 
Puerto  Berrio.  The  wind-direction  is  gftueially  given  to  16  points,  except  8  points  fbr 
Bogota  and  32  points  for  Rivas.  The  rainiall  at  Rivas  is  given  in  centimeters  and  milli- 
meters. 

British  Naval  Series. — The  originals  give  the  barometer  as  read  off.  The  wind 
direction  is  given  to  32  points.  The  movement  of  the  air  is  indicated  by  force  on  a  scale 
of  0  to  12.  The  distinction  between  upper  and  lower  clouds  is  made  as  to  direction,  but 
not  as  to  amount.  The  height  of  sea-disturbance  is  given  on  the  scale  of  0  to  9,  and  the 
weather  by  the  Beaufort  notation.  The  direction  of  movement  of  wind,  clouds,  and  sea 
is  compass  direction,  corrected  only  for  deviation  caused  by  the  iron  in  the  ship,  while 
the  correction  for  magnetic  variation  is  applied  at  this  office.  The  humidity  is  not  given, 
but  is  computed  from  the  hygrometrical  observations. 

German  Naval  Series. — No  vessels  reporting. 

Portuguese  Naval  Series. — The  originals  give  the  barometer  in  millimeters,  cor- 
rected for  temperature  only,  and  the  thermometer  in  centigrade.  The  movement  of  the 
air  is  indicated  by  force  on  the  scale  of  0  to  10.  The  humidity  is  not  given,  but  is  com- 
puted from  the  hygrometrical  obsefvations.  The  kind  of  clouds  is  not  given,  but  the 
amount  is  indicated  on  the  scale  of  0  to  10;  the  direction  of  movement  is  given  without 
distinction  between  upper  and  lower.  The  height  ot  sea  disturbance  is  given  on  the 
scale  of  0  to  9,  and  the  weather  by  the  Beaufort  notation.  The  rain£sill  is  not  measured, 
but  the  duration  is  generally  given  in  hours  and  minutes. 

Swedish  Naval  Series. — The  originals  give  the  barometer  as  read  off.  The  move- 
ment of  the  air  is  indicated  by  force  on  the  scale  of  0  to  12,  and  the  direction  is  corrected 
for  magnetic  variation  at  this  office.  The  humidity  is  not  gi^en,  but  is  computed  from 
the  hygrometrical  observations.  The  rainfidl  is  omitted.  The  height  of  the  sea-swell 
is  given  on  the  scale  of  0  to  9,  and  the  weather  by  the  Beaufort  notation. 

United  States  Naval  Series. — ^The  originals  give  the  barometer  as  read  off.  The 
humidity  is  not  given,  but  is  computed  from  the  hygrometrical  observations.  The  sea- 
swell  and  the  weather  are  given  in  general  terms.  The  direction  of  the  wind  is  compass 
direction,  corrected  for  variation. 

British  Merchant-Marine  Series. — Same  as  the  Naval,  except  that  frequently 
the  direction  of  the  wind  is  given  to  the  true  meridian. 

German  Merchant-Marine  Series. — Same  as  United  States  Naval,  except  that 
the  steamship  Braunschweig  gives  the  sea-swell  occasionally  on  the  scale  of  0  to  9,  and 
the  steamship  Leipsig  on  the  scale  of  0  to  12. 

Swedish  Merchant-Marine  Series. — Same  as  Swedish  Naval. 

United  States  Merchant-Marine  Series. — Same  as  United  States  NavaL 

ERRATA. 

Daily  Bulletin,  January,  1881.— 1st,  page  11,  White  Star  Line  steamship  Ger- 
manic, barometer  reduced,  744.4,  should  read,  774.4.  Swedish  Merchant-Marine  Series, 
barque  Adolph  Fre<1holm,  should  read,  barque  Adolf  Fi>edholm;  make  similar  corrcc- 
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lion  on  the  2d,  4th,  5th,  eth,  7th,  8th,  10th,  12th,  14th,  16th,  18th,  20th,  22d,  24th,  26th, 
28th,  30th. 

2d,  page  3,  Gennan  Series,  the  following  stations  should  read:  Thorn,  no  oheervations; 
Wiessenbnrg,  Bayaria,  28.00,  &c;  Wnstrow,  30.38,  &c  Make  similar  oorrectionfl  on 
the  3d,  4th,  5th,  6th,  7th,  8th. 

5th,  page  4,  Italian  Snbseries,  Stelvio.  rain&ll,  11.811  inches  or  300.0  m.  m.,  should 
read,  1.181  inches  or  30.0  m.  m.  Yaldobbia,  rain£ftU,  59.055  inches  or  1500.0  m.  m. ; 
should  read  5.905  inches  or  150.0  m.  m. ;  total  for  90  hours. 

6th,  page  4,  Italian  Suheerles,  Stelvio,  rainfidl,  5.118  inches  or  130.0  m.  m.,  should 
read,  0.512  inches  or  13.0  m.  m.  Page  7,  United  States  Series,  New  River.  N.  C,  insert 
figure  2  in  column  for  force. 

10th,  page  9,  British  Naval  Series,  H.  M.  S.  Sea>Gull,  £.  480^  09^,  should  read,  £. 
48^09'. 

13th,  page  9,  British  Naval  Series,  H.  M.  S.  Superb,  W.  15^  18^,  should  read,  £.  15^^ 
18^.  Page  11,  German  Merchant-Marine  Series,  steamship  Roln,  rain  and  s'w,  should 
read,  rain  and  snow. 

14th,  page  4,  Italian  Series,  Yaldobbia,  rain&ll,  11.811  inches,  or  300.0  m.  m.,  should 
read  1.181  inches  or  30.0  m.  m.  Page  8,  British  Naval  Series,  H.  M.  S.  Alexandra,  re- 
duced barometer  56.1,  should  read,  756.1. 

15th,  page  5,  Scottish  Series,  North  Unst,  barometer  reduced,  29.71  in.  or  754.6  m. 
m.,  should  read,  29.61  in.  or  752.1  m.  m. 

20th,  page  10,  United  States  Naval  Series,  Alert,  Hong-Kong,  China,  barometer  re- 
duced, 763.8,  should  read,  763.6. 

24th,  page  0,  British  Naval  Series,  H.  M.  S.,  Tenedos,  W.  90^  36^,  should  read,  W. 
50°  36^ 

Monthly  Summabt,  Dscembsb,  1880. —Page  4,  Russian  Series,  Barnaul,  barome- 
ter reduced,  29.44,  should  read,  30.44.    KiefT,  actual  barometer,  740.6,  shouldr^,  740.9. 

Page  5,  United  States  Series,  Cleveland,  temperature,  centigrade,  5.2,  should  read. 
— 5.2.  McKavett,  actual  barometer,  25.84,  should  read,  27.84.  Jacksborough,  total 
movement,  9584,  should  read,  8584. 

Page  6,  United  States  Series  continued,  San  Diego,  relative  humidity,  90.3,  should 
read,  80.3.    United  States  Subseries,  Rivas,  rainfall,  0.16  inches  or  4.1  m.  m.,  should 

read, .    Santiago  de  Cuba,  rainfall, ,  should  read,  0.16  inches^  or  4.1  m.  m.    St 

Thomas,  rainiall,  0.005  inches  or  0.13  m.  m..  should  read, .    UpemAvik,  nunfall, 

0.26  inches  or  6.  m.  m.,  should  read,  0.005  inches  or  0.13  m.  m.  York  F^u^ry,  rainfall, 
,  should  read,  0.26  inches  or  6.6  m.  m. 

Published  by  order  of  the  Secretary  of  War. 

W.  B.  HAZEN, 
Brig,  A  Bvf.  Maj,  Q€n%  Chief  Signal  Officer,  U.  8.  A. 


APPENDIX    No.    6i. 

Wab  Depabtment,  Office  of  the  Chief  Signal  Offices, 

Washinfftan,  D,  C,  May  28,  1882. 
To  the  Chief  Signal  Officeb: 

Sib:  In  conformity  with  the  plan  submitted  in  Febniaiy,  1881,  by  a  board  appointed 
to  consider  the  subject  of  monthly  constants  for  reduction  to  sea-level,  a  preliminoiy  set 
of  such  constants  was  prepared  in  the  Study-room.  See  my  report  May  14  (1G73  Mis.) 
and  August  14  (2827  Mis.),  and  issued  as  Signal  Service  Orders  for  1881,  No.  30. 

The  steady  progress  subsequently  made  in  correcting  the  approximate  altitudes  of  Sig- 
mil  Service  barometers  made  it  proper  that  the  values  of  these  reduction  constants  for  use 
during  1882  should  be  based  upon  an  uniform  system  of  temperatures  and  pressure.  Ac- 
cordi^y,  the  monthly  means  of  simultaneous  observations  at  7  a.  ro.,  l*»,  and  11  p.  m. 
for  the  two  years,  November,  1879-November,  1881,  were  careftiUy  revised  and  used 
in  the  final  improved  constants  that  were  submitted  in  my  report  December  14,  1881. 
(4384,  Mis.  81.) 

I  have  the  honor  now  to  report  herewith  a  complete  explanation  of  the  formula  and 
methods  adopted  by  Mr.  Winslow  Upton  in  the  computation  of  these  monthly  constants, 
from  which  it  will  1>e  seen  that  the  accuracy  of  the  adopted  constants  must  depend  almost 
entirely  upon  the  correctness  of  the  assumption  that  tlie  constant  temperature  adopted  at 
any  station  for  a  given  month  represents  the  temperature  of  the  hypothetical  column  of 
air  between  that  station  and  sea-level  at  any  moment  of  observation.  It  is,  in  fact,  in 
our  power  to  attribute  to  the  mass  of  air  which  is  assumed  to  replace  a  plateau  or  mount- 
ain any  temperature  that  we  choose.  The  computed  weight  of  a  column  of  such  air  is 
the  so-called  *' reduction  to  sea-level.''  .  If  the  reduced  pressure  agrees  with  the  isobars 
based  on  much  lower  stations  the  reduction  is  considered  to  be  plausible;  but  over  an 
extended  plateau  this  criterion  fails,  and,  in  fact,  for  all  cases  the  only  natural  method 
of  reduction  would  seem  to  consist  in  an  attempt  to  reduce  upward  through  the  actually 
existing  atmosphere  ^whose  temperature  and  moisture  can  be  observed)  to  a  uniform  alti- 
tude; but  even  in  this  case  the  fluctuations  of  pressure,  temperature,  and  moisture  will 
render  the  problem  sufficiently  difficult. 

It  is  pro^ble  that  any  system  of  monthly  constants  will  frequently  be  found  to  sys- 
tematically misrepresent  the  distribution  of  pressure  over  North  America,  and  this  will 
principally  be  due  to  the  assumption  of  a  constant  uniform  temperature  throughout  the 
month,  and  not  to  errors  in  altitudes  or  formulae  or  methods  of  computation.  On  tho 
other  hand,  the  attempt  to  reduce  the  individual  observations  at  high  stations  to  sea- 
level  by  adopting  a  reduction  vaiying  with  the  individual  observed  temperatures  con- 
tinually knuls  to  unsatisfactory  results,  due  to  the  great  diurnal  changes  of  obser\'ed 
temperature  near  the  ground,  and  has  as  yet  only  become  practically  useful  after  intro- 
ducing some  arbitrary  hypotheses  as  to  the  general  temperature  of  the  mass  of  air. 

The  studies  of  Ruhlmann  and  Schott  show  that  the  diurnal  changes  of  temperature 
in  the  moss  of  air  are  comparatively  small,  while  the  monthly  and  non-periodic  changes 
are  large.  It  is  hoped  that  further  studies  will  be  made  as  to  the  temperature  proper  to 
be  adopted  in  reduction  to  sea-level,  and  that  the  present  approximate  method  may  then 
be  replaced  by  one  more  in  accordance  with  nature. 

In  accordance  with  Instructions  No.  128,  of  series  of  1881,  I  submit  this  report  in  du- 
plicate for  use  in  your  forthcoming  annual  report. 

I  have  the  honor  to  remain  very  respectfully  yours, 

CLEVELAND  ABBE, 
I'rof.  and  Asstt.  O.  C.  S,  O. 


LETTER  OF  TRANSMITTAL. 

Wab  Depabtment,  Office  of  the  Chief  Signal  Office^, 

WMhingUm,  D,  C,  March  31,  1882. 

Prof.  Clevkland  Abbe: 
Sib:  I  have  the  honor  to  submit  herewith  a  report  upon  the  methods  adopte<1  in  the 
f26 
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oompntation  of  the  monthly  barometric  redaction  constants  which  were  issned  as  Signal 
Service  Orders  Xo.  94,  series  of  1881. 
Very  respectfally,  yours, 

WINSLOW  UPTON, 

Computer,  0.  C.  S.  0. 


INTRODUCTION, 

The  monthly  barometric  xednction  constants  published  in  Signal  Service  Orders  No. 
94,  series  of  1881,  were  derived  according  to  the  processes  descri))ed  in  the  following; 
pages.    In  brief,  the  methods  of  computation  were  as  follows: 

1.  For  stations  below  1,000  feet  in  altitude,  the  constants  were  obtained  from  the 
tables  published  in  the  work  Instructions  in'  the  Use  of  Meteorological  Instruments,  by 
Robert  H.  Scott,  London,  1875. 

2.  For  stations  above  1,000  feet  in  altitude,  the  constants  were  obtained  by  subtract- 
ing the  mean  monthly  observed  pressures  Irom  reduced  pressures,  which  were  interpo- 
lated from  charts  of  monthly  isobars.  The  isobars  were  projected  from  the  observations- 
at  stations  of  known  altitudes,  which  were  reduced  by  a  formula  modified  irom  that 
of  Ruhlmonn  (Die  Barometrischen  Hohenmessungen,  &c.,  Leipzig,  1870.) 

The  details  of  the  computation  are  explained  in  the  following  sections: 

21.  Preparation  of  data. 

I  2.  Derivation  of  Hypsometric  Formula. 

1  3.  Method  of  deriving  the  reduction  constants. 

2  4.  Diminution  of  Temperature  with  Altitude. 

I  5.  Mean  monthly  pressures  reduced  to  sea-level. 
I  6.  Reduction  constants  for  elevated  stations. 
I  7.  Barometric  determination  of  elevations. 
i  8.  The  accuracy  of  the  reduction  constants. 

1 1.  Pbepabation  of  Data. 

The  data  required  for  the  computation  of  monthly  harometric  reduction  constants 
upon  the  plan  contemplated  by  the  Board  which  reported  February  8, 1881,  are  for  eadi 
station,  as  follows: 

1)  Mean  monthly  pressures. 

i  2)  Mean  monthly  temperatures. 

[3)  Mean  monthly  relative  humidity. 

[4)  Elevation  above  sea-level. 

[5)  Approximate  latitude. 
The  meteorological  records  on  file  in  this  office  contain  the  observations  made  at  the 

several  stations  for  periods  varying  with  the  date  of  the  establishment  of  each  station. 
But  the  use  of  all  the  data  at  hand  would  give  results  for  difierent  stations  that  would 
not  be  comparable  with  each  other,  since  the  mean  values  would  hold  goo^  for  vaiying 
periods  of  time.  In  additioil  to  this  difficulty,  the  time  of  making  the  tri-daily  observa- 
tions was  changed  upon  November  1,  1879,  from  7. 35  a.  m.,  4.35,  and  11  p.  m.,  Washing- 
ton time  to  7  a.  m.,  3,  and  11  p.  m.,  respectively.  In  order,  therefore,  to  make  use  of 
data  strictly  homogeneous,  and  also  to  adopt  a  period  of  time  at  which  there  had  been 
continuous  observations  at  the  greater  number  of  stations,  it  was  deemed  best  to  employ 
only  the  observations  for  the  two  complete  years,  November  1, 1879-November  1,  1881, 
The  following  is  a  list  of  those  stations  for  which  the  series  of  observations  during  these 
months  is  incomplete;  at  all  others  the  series  is  complete,  or  very  nearly  so:  Cham- 
paign, Chincoteague,  Dayton,  Decatur,  Delaware  Breakwater,  Eagle  Hock,  Fort  Assin- 
niboine,  Fort  Bennett,  Fort  Benton,  Fort  Davis,  Fort  Elliott,  Fort  Missoula,  Fort  Ma- 
con, Fort  Shaw,  Helena,  Henrietta,  Huron,  Lewiston,  Moorhead,  New  Shoreham,  Port 
Eads,  Saint  Vincent,  Spokane  Falls,  Uvalde. 

In  the  preparation  of  the  preliminary  constants  issued  in  Signal  Service  Onlers  No.  30, 
series  of  1881,  the  mean  monthly  pressures,  temperatures,  and  humidities  for  the  year 
1880  had  been  copied  from  forms  34  for  the  7,  3,  and  11  observations  at  each  station,  and 
their  means  taken  as  explained  in  the  report  on  that  subject.  The  corresponding  data  for 
Novemtier^December,  1879,  and  January-October,  1881,  were  now  copied  from  forms 
22,  and  the  means  taken.  The  whole  work  has  been  carefully  check^,  and  since  the 
copying  of  forms  22  and  34  from  the  original  records  and  the  means  there  given  had  ap- 
parently not  been  systematically  examined  prior  to  1881,  an  examination  of  all  discord- 
ant results  was  made  and  many  errors  were  thus  corrected.  It  was  necessary  also  in  many 
cases  to  consult  the  original  records  for  the  psychrometric  observations,  and  to  compute 
therefrom  the  relative  humidities.  This  computation  was  made  for  stations  above  1,000 
feet  in  altitude  by  means  of  manuscript  tables  used  in  the  preparation  of  Signal  Service 
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Orders  No.  41,  series  of  1881.  For  stations  below  1,000 feet  no  use  was  made  of  relatire 
humidities  in  deducing  the  reduction  constants. 

The  approximate  latitudes  of  the  several  stations  were  obtained  from  the  records  for  all 
ca&es  where  the  altitudes  exceeded  1,000  feet. 

The  elevations  of  all  Signal  Service  stations  for  which  reliable  spirit-level  determina^ 
tions  were  at  hand  were  furnished  for  December  15,  1881,  by  Mr.  H.  A.  Hazen,  and  are 
given  in  the  table  below.  Changes  in  the  elevations  prior  to  this  date  were  taken  account 
of  in  the  computation.  The  elevations  of  the  stations  for  which  no  spirit-level  deter- 
minations were  at  hand  were  determined  barometrically  as  explained  in  ^  7  of  this  report. 
They  are  marked  B  in  the  table.  The  values  for  stations  above  2, 000  feet  were  computed 
simply  to  complete  this  branch  of  the  subject,  and  do  not  enter  the  computation  of  the 
•constants  for  those  stations  in  any  way,  as  will  be  seen  by  reference  to  J  (>  of  this  report. 


Elemtiom  of  Sifpud  Service  stationSj  December  15,  1881. 


station. 


Elevation. 


Station. 


Albany 

Alpena 

Atlanta 

Atlantic  City ~.. 

AufiTusta 

Baltimore 

Barncgat , 

Citfinarck 

Bols6  City 

Boston 

Brackcttsville 

Bridgetown 

Brownsville 

Buifalo 

Burlington , 

Cairo 

Canipo 

Camp  Thomas 

Capo  Henry 

Cape  May 

Castroville 

•Cedar  Keys 

Cbampaign 

Charleston 

Charlotte 

Chattanooga 

Cheyenne 

Chicago 

Chincoteoguo >.. 

Cincinnati 

Cleveland 

-Columbus 

Davenport 

Dayton 

Deadwood 

Decatur 

Delaw'e  Break wat*r 

Denison 

Denver 

Des  Moines 

Detroit »., 

Dodge  City.................... 

Dubuque 

Duluth 

Ekigle  Pass................. 

Eagle  Rock ...... 

Eastport  ......MM«M...M..>... 

El  Paso 

Erie- 

Escanaba ... .... 

Florence 

Port  Apache. , 

Fort  Assinnibolne .. 

Fort  Bennett. 

Fort  Benton .. 

Fort  Buford 

Fort  Concho 

Fort  Custer ., 

.Fort  Davis........ - 


Feet. 

75 

609 

i,iai 

13 

183 

45 

20 

1,7221 
2,750B 

112 
1, 170B 

28 

43 

mn 

2G8 

377 
2,SO0B 
2,710B 
16 
27 

780B 
22 

767  . 
62 

806 

783 
6,069 

661 
18 

620 

600 

805 

615 
1,660B2§ 
4,600B 
1,150B 
20 

767 
5,294 

849 

661 
2,512 

665 

644 

780B 
4.78Ua 

61 
3,760B 

681 

612 
1,480B 
6,0QOB 
2,710B 
1,510B 
2,700B 
1,900B 

i,9oon 

8,040B 
4,940B 


•••••««««^b« , 


■••••••••••••••■••a* 


Fort  Elliott 

Fort  Gibson 

Fort  Grant........ 

Fort  Griffin 

Fort  Keogh 

Fort  Macon 

Fort  McKavctt 
Fort  Blissoula... 

Fort  Shaw 

FprtSill 

Fort  Stevenson 

Fort  Stockton......... 

Fort  Washakie....-, 

Fredericksburg!! .. 
Galveston. 
Grand  Ilaven. 

Hattcras , 

Havana,  Cuba, 

Helena , 

Henrietta 

Huron..— .......-, 

Indianapolis ... 
Indianola. 
Jacksbqrough 
Jacksonville 

Keokuk 

Key  West...... 

Kingston 

Kittyhawk 

Knoxville............ 

La  Crosse ............ 

La  Mesilla...... 

Laredo 

Leavenworth 

Lowiston . 

Little  Rock 

Los  Angeles. , 

Louisville  -....—...- 


Elevation. 


Station. 


*  •••»•«••••••■•«••••« 


'••«••  ••••«•• 


■•••«••• 


*••*••«■*• 


•••••••••••• 


Lynchburgh..... 

IVuidison............... 


«••••••••••«•••«*•  ■  «• 


J—tm  «  ••  •••«  •  •••»•• 


Marquette 
Mason  ....... 

Memphis., 
Milwaukee 

Mobile 

Montgomery 

Moorhead.. 

Morgantown 
Mount  Washington 

Nashville 

Navassa  Island.... 

New  Haven 

New  London 

New  Orleans. 

Newport 

New  Shoreham- 

New  York 

Norfolk 

North  PUtte 


Feet. 

2,C50B 
540B 
4,8G0B 
1,260B 
2,372 
11 
2,240B 
3, 140B 
SrsSOB 
L'JOOB 
l.TOOB 

1,700B 

40 
620 

19 

50 
4,1C0B 
960B 
l,d05gi 
758 

26 
1,120B 

43 
618 

27 

10 

22 
980 
725 
8,900B 
460B 
842 
780B 
298 
371 
530 
652 
949 
673 
1,620B 
321 
697 

41 
219 
923  . 
963 
«.242ggn 
507 

77 
107 

47 

52 

44 

27 
164 

30 
2,841 


Elevation. 


Olympia 

Omaha - 

Oswego 

Palenine 

Pensaoola 

Philadelphia 

Phoznix 

A    IfekG   O    A   dftJk •■«••.  •••••••• 

Pioche  

Pittsburgh 

.Port  Ends 

Port  Huron 

Portland,  Me 

Portland,  Greg 

Prescott 

Punta  Basaa 

Red  Bluff. 

Rio  Grande  City...... 

Rochester 

Roseburgh 

Sacramento -..- 

Saint  Louis -... 

Saint  Paul 

Saint  Thomas- 

Saint  Vincent. 

Salt  Lake  City 

San  Antonio 

San  Diego 

Sandusky 

Sandy  Hook 

San  Francisco 

Santa  F6 

Santiago  de  Cuba 

Savannah 

Shreveport 

SUvcr  City 

Sitka 1 

Smithville 

Spokane  Falls 

Springfield,  111 

Springlleld,   Mnsa....' 

Springfield,  Mo ' 

Tnatcher's  Island....- 

Toledo 

Tucson ! 

UmatilUi ' 

Uvalde 

Vicksburgh 

Vifealia 

Washinijtou - 

West  I^ns  Animas 

Willinmsport. 

Wilmington - 

Winncmucca - 

Wood's  HoU 

Yankton 

Yuma 


"I 


Feel. 
36 
1,113 

ao4 

610^ 
30 
52 
1,120B 
14,134 
6,  HOB 
762 
7 
633 
45 

AT* 

5.3I0B 
13 
350B 
230B 
621 
511 
70 
668 
8U 
110 
804 
4,348 
673 
67 
639 
34 
60 
7,064 
21 
87 
227 
5,890B 
63 
34 
1,9108 
C44 
120 
1,412» 
48 
G51 
2,369 
340B 
ffJOB 
244 
348 
106 
3. 

'52 

4,327 

85 

1,228 

lU 


Station  not  yet  occupied ;  elevation  assumed. 

A  more  recent  determination  gives  for  Bismarck  1,698  feet  (March  20, 1882). 
A  more  recent  determination  gives  for  Eagle  Rock  4.650  feet  (March  20, 1882). 
After  occupation  of  station,  elevation  determined  to  be  688  feet. 

Station  at  Bullklo  moved  November  1. 1881.    New  elevation  606  feet. 

No  elevations  were  used  for  these  stations  in  determining  the  reduction  oonstanta. 

A  more  reoent  determination  gives  for  Mount  Washington  6,279  feet  (March  20, 1882). 


BEPOBT  OF  THE   CHIEF   8IONAL-OFFICEB.  829 

i  2. — Debivation  of  Hypsometbic  Formula. 

The  hypsometric  fonnnla,  which  by  inYenfon  beoomeB  the  formula  for  reducisg  to  sea- 
level  any  barometric  readin^B  made  at  known  eleyations,  was  derived  especiaUy  for  tlua 
work,  and  in  some  ways  is  considered  to  be  in  some  respects  an  improvement  on  those  that 
have  been  published  the  past  few  years  by  Plantamonr*  Ruhlmann,  Williamson,  Angot^ 
and  others.  The  formula  of  La  Place  serves  as  the  basis  of  its  derivation,  and  tiie  method 
follows  in  the  main,  that  of  Ruhlmann,  published  in  the  volume.  Die  Barometrischen 
Hohenmessungen  und  ihre  Bedeutung  far  de  Physik  der  Atmosphllre,  Leipzig,  1870. 

If  we  assume  the  atmosphere  to  be  in  static  equilibrium,  we  have  (La  Place,  Mecanique 
Celeste,  Bowditch  iv,  p.  565),  using  Riihlmann's  notation  (p.  36),  the  following  differ- 
ential equation: 

dp  =  — dr  (g)  dr^  in  which 

p  =  pressure 

dx  =  density  of  the  atmosphere 

{§)  =  force  of  gravity 

r = diitance  from  the  earth^s  center, 

t.  e.,  the  decrement  of  the  pressure  p  produced  by  the  elevation  dr  is  equal  to  the  small 
oolumn  of  air  dr  dr  multiplied  by  the  force  of  gravity  (g),     (Mec.  Cel.  iv,  p.  478.) 
Let  (y)  =  force  of  gravity  at  sea-level  vertically  breath  the  place  where  its  force  = 

ig).    According  to  the  usual  rule  Y^^  =  -t>  in  which  fo  and  r  =  the  distances  from  the 

(r)     ^  • 

earth's  center  to  the  points  where  the  force  of  gravity  is  (y)  and  {g)  respectively.  In 
preference  to  this  formula  we  adopt*  the  law  for  the  variation  of  gravity  determined  by 
Assistant  C.  S.  Pierce,  of  the  United  States  Coast  and  Geodetic  Survey,  from  i>endulum 
observations,  and  communicated  to  the  Chief  Signal  Officer  by  Capt.  C.  P.  Patterson,  late 
Superintendent  of  United  States  Coast  and  Geodetic  Survey,  in  a  letter  dated  April  27, 
1881  (1469  Mis.,  1881).  Mr.  Pierce  says:  * 'According  to  my  calculations,  presented 
last  October  to  the  National  Academy  of  Sciences,  the  length  of  the  second's  pendulum 
at  h  feet  above  the  level  of  the  sea,  and  at  latitude  ^,  is 

»»1""  ( 1- ilWoo)  '1  +  0.00523758m'  ♦). 

This  formula  applies  to  continental  stations.  In  the  case  of  insular  or  nearly  insular 
stations,  the  whole  attraction  of  the  surrounding  water  is  to  be  allowed  for.'* 

Let 

e  =  11,400,000 ; 

Then 

i£)  =  i-* 
(r)    ^    c 

*  =  ~*(y)(l-*)rfr. 

But 

dr^dh. 
Heooe 


dp  =  -cf,(y)(^l-j)dA. 


(1). 


According  to  Boyle's  law,  the  volume  of  a  given  quantity  of  gas  varies  inversely  as  the 
pressure,  and  also  as  the  density.    Regnault's  oloervations  (Mem.  de  I'lnstitute  xzi, 

^he  Adoption  of  this  formula  is  nearlv  in  aooordanoe  with  the  Talae  adopted  by  Broch  in  the 
work  of  the  intemationfU  Bureau  of  Weii^htsand  Meosum  (nee  Travauxet  Memoiree  du  Bureau  In- 
ternational dee  Poids  et  Mesuree,  tome  1)  for  the  ooefllcient  of  sine*  #,  but  it  reoogniaes  in  thefkctor 

yy—  iX^oOOUo)  ^^®  result*  obtained  by  Clarke,  Walker,  and  others  (see  darkens  Geodesy,  p.  880), 

which  awtfi^  leas  valno  to  the  attraction  of  mountain  masses  than  thai  given  bj  Polsson,  whioh  has 
usually  been  accepted. 
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pp.  374  et  seq.)  show  that  this  law  is  not  rigidly  trne,  and  this  has  been  more  recently 
<;onfirmed  by  Mendelejeff  (Coniptes  Rendns,  Ixxxii)  and  Amaj^it  (Comptes  Rendus,  x'c 
4mdxci).  Kegnanlt'8ol)servationshave  been  discussed  by  G.  W.  Hill  (The  Analyst,  Des 
Moines,  Iowa,  1876,  vol.  iv,  pp.  98-107),  whose  results  are  expressed  by  the  formula — 


V  =  *^  j'Tl  +^(  ^\  in  which 


X  -  1  -f-  a  P^  and  y  ==  a  -f  a^^  i^. 
The  values  of  the  constants  arc — 

a  =  —  0.002565,  a'  =  0.0036445, 

a''  =  +  0.00001987,  f1  =  0.64776. 

P  denotes  the  pressure  in  meters  at  Regnault's  laboratory,  and  f  is  the  temperature  in 

centigrade  degrees.     The  values  of  log.  x  and  ^  are  tabulated  by  Mr.  Hill  from  press- 
<y«s  0  to  21.5  meters.     The  following  are  extracted  from  his  table : 


M 

log  X 

y 

X 

0.0 

O.OOOOIF 

0.0036445 

0.1 

9.999749 

511 

0.2 

607 

548 

0.3 

489 

579 

0.4 

384 

607 

0.5 

288 

632 

0.6 

199 

656 

0.7 

115 

•  678 

0.8 

035 

698 

The  effect  of  the  deviations  thus  established  are  nearly  inappreciable  under  pressures 
existing  in  the  lower  portions  of  the  atmosphere,  but  as  they  can  be  included  without 
complicating  the  formula,  and  render  it  applicable  to  extreme  cases,  it  seems  well  to  take 
account  of  them. 

Let ;)  and  p^  =  two  pressures  at  the  same  temperature  (/) 

dr  and  A^  =  corresponding  densities  at  the  same  temperature. 

m  and  m^  =  the  corresponding  factors  of  Hill's  formula  of  the  fbrm  .r  /  1  -f-  if  /.  1 
.Then 

p  ip'  =nU  m  :  ^^  m\ 
Let 

p^  ==  pressure  when  height  of  mercury  is  0.76", 

•    D  =  corresponding  density  of  mercury, 

y  =■  force  of  gra\'ity  at  the  place  of  observation ; 
Also  let  A  =  density  of  dry  air  at  temperature  0  **C  when  the  barometric  pressure  ia 

tliat  of  a  column  of  mercury  0.76"*  high. 

a  =  expansion  coefficient  of  air  obtained  from  the  above  table  at  the  pressure  0.76". 

'J'hen 

;/=0.76r  D, , 

A 


A'  = 


1  +  a  /" 


p  :  0.76  yTy  —  fhrn:    ■  ^    ^  w' 


^^=^i^ii.^ 


!  +  «< 

■p  A  m^ 


OMiyD(l'\-at)m 
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Assnmiiig  that  aqueooB  vapor  follows  the  same  law,  we  have  for  aqueous  vapor, 


m' 


Let 


0.1^  r  1)  {I -\- a^U)  m 

P=  total  atmospheric  pressure. 

^= quotient  of  vapor  tension  by  total  atmospheric  pressure,  then 

i>  =  P(l~0). 


Let 


Then 


^  =  density  of  the  atmosphere  =  «/r  +  </r 


// 


0.7Gr  I>  «»  1+^^' L  1-ha^^d 

Let  it = the  density  of  moisture  expressed  in  terms  of  that  of  air, 


Then 


0.76  rD    wt    l  +  a<U        ^^'^'"^   1  +  G:^^d 
If  a''  =  a,  which  we  assume  in  this  investigation, 

Q.TGrD  w  l  +  ar        '   ^^ 


(2). 


Combining  (1)  and  (2),  remembering  that  p  and  dr  in  (1)  correspond  with  Pand  ^  in 
(2),  we  have 

(1-/5^) r  1-MrfA .  .  .  (3). 

If  we  integrate  between  the  limits  p^^  and  p'  and  h^'  and  A^,  assuming  m  and  (1  —  /5  <p) 
to  be  constant,  and  substituting  h  for  h^  —  h\  we  have 


dp_ 

A        »j^  (y) 

1 

P 

0:76D  TO     y 

1  +  ^ 

Hence 


log.  ?:=  -  A_M  «'  d)   _!_  (1  _  yj  *)  I, 
"   p'      0.76  D  IB     )    l  +  a«  ^        '■''"• 

« 


(4). 


In  this  equation,  M  —  modulus  of  the  common  logarithms,  and  A  is  expressed  in  meters, 
as  0.76  is  in  that  unit. 

Let  6',  y^  =the  barometric  reading.s  corresponding  to  the  pressures  j)',  2>'',  respect- 
ively, and  g^j  g^'  the  corresponding  forces  of  gravity,  then 

//    _&^     ^' 


Let  g  =  the  force  of  gravity  at  sea-levpl,  then  by  Peirce's  formula,  quoted  above, 


h' 


c 


Hence 


—     •     •     •    •    •     (^/ 
c 


log.  |1  =  log.  *;  +  log.  ( 1  +  ^*)  =  log.  ^  +  M 
Combining  equations  5  and  4,  we  have  for  our  final  formula — 

Mn.-o«)  =  ?-^^15.  J.^X^.  (l  +  ««)(l  +  ^«)[log.^4>  +  M  ^]  .  .  .(6). 
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It  is  now  necessary  to  determine  numerical  values  for  the  ooefficlents  in  equation  (6). 

0.76  D 


1.  Dcritatwn  of 


MA 


The  ratio  ~  can  be  obtained  by  determining  the  relative  weights  of  the  same  volume 

of  mercurj'  and  of  air.  According  to  Kegnanlt  (Mem.  de  Plnstitute,  xxi,  p.  157)  the 
weight  of  a  liter  of  mercury  at  his  obsen'atory  is  13595.93  grammes.  Similarly  the 
weight  of  a  liter  of  dry  air  is  1.293204  grammes  (ibid,  p.  138,  correcting  an  error  pointed 
out  by  Lasch,  in  Pogg.  Annalen,  Ergiinznngsband,  iii,  p.  322*). 

This  value  we  reduce  to  sea-level  and  lat.  45°  by  Peirce's  formula  given  above,  as 
follows : 

Let 

G  =  force  of  gravity  at  sea-level  and  lat.  0®, 
g  =  force  of  gravity  at  sea-level  and  lat.  45°, 
g^  =  force  of  gravity  at  elevation  h  and  lat.  ^, 
A'  =  weight  of  liter  of  dry  air  at  sea-level  and  lat.  45**, 
A''^  =  weight  of  liter  of  dry  air  at  elevation  h  and  lat.  <^. 
By  Peirce's  formula — 

9'  ^r A       ^\  (A  ^^  Qi«i  A\  \yy  ^\.\^\.  /^c  =  11400000 feet.\ 
G=Vc>'^^'^'^''''^^'°''^'''^V'7  =  0.0052375.      ) 


Or 


But 


Hence 


g=('-DO+0('-jf-,""'0 


?^  =  ^  =  ri-./^yi-_.^_eos2^Y 


For  Regnault's  observatory  0  =  48°  50^  14^^  and  A  =  60  meters  (Mem.  de  PInstitute, 
xxi,  p.  168),  and  since  A''  =  1.293204  grams,  we  have  A^  =  1.2927753 grams. 

To  allow  for  the  presence  of  carbonic  acid,  we  assume  0.04  %'  as  an  average  amount 
constantly  present  in  the  atmosphere.  The  relative  weights  of  carbonic  add  and  dry  air 
are  (Wullner,  Lehrbuch  der  ExperimentaJ-Physik,  iii,  p.  132)  197741  and  129318;  hence 

finally  A  -  1.293049  grammes.    The  ratio  ?  is  consequently  ^^^^^ 

Hence 

0.76  D 


MA 


=  18,400".2 (7). 


2.  Derivation  of  —, , 


By  definition  m^  =  HilPs  factor  of  the  form  x  (    \  J^y  %  \  when  the  pressore  0".76. 

Or, 

mf  =  [9.999067]  (1  +  0.0036690  0 (8). 

m  is  a  variable,  depending  ui>on  the  pressure.  As  it  was  re- 
garded a  constant  in  the  derivation  of  equation  (4),  its  value  must  be  taken  fVom  the 
table  for  the  mean  pressure  between  the  upper  and  lower  stations. 

3.  DervoaJHon  of  -~  • 


J[*The0e  values  aooord  with  those  adopted  by  Broch  in  the  work  of  the  International  Bureau  of 
eiffhtfl  and  Bleasuree.    (See  Travauz  et  M^moirea  du  Bureau  International  dee  Poide  et  Meauree, 
tome  i,  p.  A.  51).t 


REPOBT  OP  THE   CHIEF  8IGNAL-0FFICEB.  833 

By  definition — 

(y)  =  force  of  graTity  at  sea-level  lat.  ^, 

y  =  force  of  gravity  at  sea-level  lat.  45**; 
Let 

O  =  force  of  gravity  at  sea-level  lat.  0®; 
rhen  by  Peiroe^s  formula, 


Hence 


^  =  1  +  |,  in  which  7  =  0.0052376, 


Jl  =  l-|..^_oo820  =  l  +  O.OO26119cos2^ (fl). 


4.  DerivtUionofa. 

By  definition  a  =  coefficient  of  expansion  of  air  at  pressore  0™.7G  fiom  Hill's  table 
above  given — 

Hence 

a  =  0.0036690 (10). 

5.  Derivation  of  (1 -{- fi  d). 

In  the  Zeitschriil  der  Osterr.  Gescllschaft  fiir  dleteorologie,  Band  ix,  pp.  193-200  (see 
the  translation  published  in  the  Smithsonian  Eeport  for  1877),  Dr.  Julius  Hann  derives 
empirically  a  law  for  the  diminution  of  the  vapor  tension  with  the  altitude,  flaking 
nse  of  observations  on  the  Himalayas,  the  Alps,  in  Armenia,  on  Teneriflc,  and  in  balloons 
he  finds  that  the  observed  vapor  tensions  at  diiferent  altitudes  are  represented  with  al- 

most  i)erfect  accuracy  by  the  formula  p  =  jpo  10  '^t^.  The  same  author,  in  a  paper  en- 
titled **Zur  barometrisehen  Hohenmessungen, "  published  in  Sitzungsbcrichte  der  k. 
Akad.  der  Wiss.,  Band  Ixxiv,  employs  the  law  thus  derived  in  determining  the  value 
of  the  moisture  factor  in  the  hypsometric  formula.  Following  his  argument  and  em- 
ploying his  notiition*,  we  treat  the^  factor  1  -|-  //  0  as  follows : 
Let  (/^  and  E  =  vapar  tensions  at  the  upper  and  lower  stations  respectively, 

l/^  and  B  =  the  oorresponding  barometric  pressures. 

By  Hann's  law, 

c^^  =  E  10""^^^. 
The  hypsometric  formula  (6)  is  approximately 


Whence 


Hence 


A  =  18400  log.  ^, 


y^  =  B  10""""^"^  , 


5  =  —  io""nyJxrr  r-^^. 

B        I/^  ^    ^' 

As  ^  was  considered  constant  in  deriving  equation  (4),  and  its  mean  value  must  there- 
fore be  iakea  for  the  air  column  between  the  two  stations,  we  have — 


=1(^+1) » 


^Wa  write  t^  and  y  to  apree  with  uae  of  the  aooent  ('0  in  the  other  fiuston  of  our  fonnu!a. 
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When  the  vapor  tension  and  pressore  are  known  for  the  upper  stations  onlji  the 

E 
value  ^  in  (12)  is  to  be  obtained  from  (11). 

^  =  1  —  ky  where  k  ==  the  ratio  of  the  density  of  moisture  to  that  of  dry  air.  Bj 
theory  k  =  0.622,  which  value  is  confirmed  by  Begnault's  experiments  (Annales  de 
Chimie  et  de  Physique,  N.  8.,  xv,  pp.,  141  et  1&2). 

Hence 

^  =  0.378, 

l+/3^  =  H-0.189|^^-i.|] (13). 

6.  SimpUfication  of  thefaoUr      log.  -^  +  M-       . 
Assuming  an  approximate  value  of  A  in  (6)  we  have — 


.  _  0.76  D  /I   I  ^,  ,u^  ^ 


Hence 


By  combination  with  (7)  and  (10)  we  have, 

flog.  ^^+M^  |  =  log.  ^  (1.002298  +  0.000006438  0  .   .   .   (14). 

If  now  we  substitute  in  (6)  the  numerical  values  given  in  (7),  (8),  (9),  (10),  (13),  and 
(14),  we  have — 

k  (meters)  =  18400.2  m  (1.004455  +  0.000008456 1)  (1  +  0.0026119  cos  2  ^)  X 

x(l  +  0.189[^  +  |])log.^, ^^»)^     ■ 

Converting  to  English  measures^  we  have — 

h  (feet)  =  60368.75  m  (1.004455  +  0.000004698  [<  •-•32])  (1  +  0.0026110  cos  2  ^)  X 

x(i+o.i89[|;;4-|])iog.^ w 


IjBt 


A  =  60368.75  m  (1.004455  +  0.000004698  [<  —  32]), 
C  =  1  +  0. 0026119  cos  2  0, 


D  =  l  +  0.189[^^  +  |], 


Then 


A  =  log.  ^,A.  C.  D (17). 

For  reducing  barometric  readings  to  sea-level,  the  formula  by  inversion  becomes — 

log.  6' =  log.  6^^  +  ^-A_ (18). 

The  vi^ue  of  the  foctois  i-  ,  L  ^  and  i   are  readily  tabulated  for  difi^rent  values  of 

AC/  iJ 

tho  variables  oontained  in  them.  Snch  tables  have  been  prepared  and  were  Vifiod  in  the 
following  applicati<m  of  formula  (18)  to  the  computation  of  the  monthly  reduction  '^'^^ 
atunts: 
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23. — Mkthod  of  Dbexvino  ths  Reduction  Constants. 

The  fbrnmlft  derived  in  |  2  gives  for  low  altitudes  results  identical  with  those  obtained 
by  other  formalcs,  e.  ^.,  the  modified  formnla  of  La  Place,  used  by  Bcott  in  his  work, 
Instructions  in  the  Use  of  Meteorological  Instruments,  London,  1875.  In  this  book, 
pages  84-89,  is  given  a  convenient  table,  by  the  aid  of  which  the  reduction  constants  are 
so  easily  obtained  for  different  elevations  and  temperatures  that  this  table  was  used  in 
the  derivation  of  all  the  reduction  constants  of  stations  whose  elevations  were  below 
1,000  feet,  thus  avoiding  the  necessity  of  computing  tables  which  would  give  the  same 
results.  The  small  effects  of  the  latitude  and  moisture  terms  of  the  formula  were  not 
token  into  aoooont  for  tljese  stations.  The  mean  monthly  temperatures  used  were  those 
obtained  by  taking  the  mean  of  the  two  corresponding  months  in  the  two  years  adopted 
for  the  oompntation.  In  the  case  of  the  few  stations  for  which  the  data  were  incom- 
plete, the  temperatures  were  obtained  approximately  by  an  examination  of  those  at 
neighboring  stations. 

The  computation  of  the  reduction  constants  for  all  stations  whose  elevations  exceed 
1,000  was  made  the  subject  of  special  investigation  based  upon  the  formula  derived  in 
{  2.  The  use  of  this  formula  necessitates  an  inquiry  into  the  proper  values  to  be  assigned 
to  the  temperatures  designated  by  t.  As  t  has  been  r^^arded  constant  in  the  derivation 
of  the  formula  it  must  be  taken  as  the  mean  value  for  the  column  of  air  between  the 
two  stations.  The  researches  of  Riihlmann  and  others  tend  to  confirm  what  has  been 
generally  assumed,  that  the  mean  of  the  two  temperatures  at  the  stations  may  be  adopted 
asr  the  mean  temperature  of  the  column  of  air  between  them.  But  in  the  reduction  of 
barometric  readings  at  any  one  station  to  sea-level  the  temperature  at  sea-level  is  un- 
known, and  must  be  determined  in  some  way.  This  can  be  done  if  the  law  of  the  dim- 
inution of  temperatures  with  tUtitude  is  known,  or,  the  mean  value  for  the  whole  col- 
umn can  at  once  be  derived  by  reducing  with  this  law  the  observed  value  at  the  station 
to  the  place  of  mean  temperature  without  r^ard  to  its  value  at  sea-level.  The  approxi- 
mate law  of  diminution,  1°  for  each  300  feet,  is  not  applicable  universally;  a  special  in- 
vestigation has  therefore  been  made  to  determine  the  law  which  can  be  best  used  for  the 
elevated  region  between  the  ninetieth  meridian  and  the  Pacific  coast. 

H' — Diminution  op  Tkmpebatube  with  Altitude.  ' 

As  a  first  step  towards  the  determination  of  the  law  of  diminution  of  temperature  with 
altitude,  we  may  consider  that  the  mean  temperatures  at  different  stations  vary  with 
their  latitudes  and  altitudes  according  to  some  law  yet  undetermined.  If  we  assume 
that  these  variations  can  be  expressed  by  a  linear  function  wc  shall  have  for  each  station 
the  following  equation: 

<  =  Of  -f-  *y  +  c  2, 

in  which  t  =  observed  meiui  temperature 

x=.  temp,  at  lat.  1^  and  altitude  0.  ft. 
y=:  dimiuution  for  each  degree  of  latitude. 
2  ^  diminution  for  each  1,000  feet  of  altitude. 

In  order  to  test  the  application  of  this  formula  a  preliminary  trial  was  made  of  the 
temperatures  at  nineteen  stations  situated  above  lat.  40°.  Using  the  mean  annual  tem- 
peratures for  the  two  years,  the  following  results  w^ere  obtained  by  the  method  of  least 
squares: 

y  =  2°.  11  for  each  degree  of  lat.  above  lat  40° 
z  =  1°.  83  for  each  1,000  feet  in  altitude. 

The  residuals  varied  from  +  5°.0  to  —  6°.0. 

A  second  trial  with  the  mean  monthly  temperatures  for  January  alone  at  the  same 
stations  gave  the  following  results: 

y  =  3°.47,  «  =  2°. 67,  the  residuals  being,  as  might  be  expected,  considerably  larger 
than  before. 

This  preliminary  computation  having  shown  that  results  of  sufficient  accuracy  for  a 
first  determination  could  be  obtained  by  this  method,  the  stations  west  of  the  ninetieth 
meridian  were  arranged  in  two  groups,  according  to  latitude,  above  or  below  40°.  All 
stations  were  lued  for  which  temperature  observations  were  available,  whether  their 
elevations  were  well  determined  or  not,  as  it  is  evident  that  an  approximate  knowledge 
of  the  elevation  is  sufficient  for  the  purpose.  In  the  northern  group  were  36  stations;  in 
the  southern  48.  Five  computations  by  the  method  of  least  squares  were  made  for  each 
group,  with  the  mean  annual  temperatures  and  with  those  for  the  months  of  January, 
April,  July,  and  October.  The  following  tables  exhibit  the  results  of  these  compu- 
tations: 


836 


REPORT   OP   THE   CHIEF   SIGNAL-OFFICER. 


NORTHEBN  STATIOlTa 


Year. 

Jonoary. 

April. 

July. 

October. 

54»94 
1.CQ6 
1.237 

o 

86.64 
2.754 
1.265 

o 

86.82 
2.103 
0.998 

o 

T7.61 
1.202 

agss 

o 
66.64 

1II5=^ __     ,        _..«.,„ 

1.638 

1.705 

SOUTHERN  STATIONS. 


K  =5  temp,  ntlat.  25^... 


«•«••«  *••••! 


19  ^^^  ■—■>■«»  •••••■< 


76°.  CI 
1.354 
2.270 


60196 
1.528 
2.525 


79.64 
1.655 
2.878 


89.29 
0.913 
1.770 


77.33 
1.295 
2.854 


TaJble  of  residuals  (v)  for  fJ^e  annual  tempenUures, 

0 


NORTHERN  STATIONa 


{Rations. 


Saint  Vincent ~ 

Fort  Biiford 

Fort  Stevenson 

Diiluth 

Bismnpck 

Mourheacl 

Saint  Paul 

Dendwood 

F<»rt  Bennett 

Ldi  CJros.se 

Yankton 

Dubuque 

DcM  Moines ~ 

Davenport ~ ~ 

Omnlm — 

Ciioyennc........ ...................  .......>...... .......... 

x^  on  1 1  m  1  Uw i^M •«*••*••«••••■••••••••■■»••»«•••  •*••*•••••»••••«*••••  ••• 

jEWC'^' A^ l<K*w  •••••••«•••••■•»•••••■•••«■■«•*•  —■■>•■■■■■■■■■■■■■■  !■■■«»»»■«■■«• 


Resi- 

duala. 

+0.0 

2.5 

8.0 

4.0 

8.8 

5.7 

1.8 

0.9 

8.4 

1.0 

3.8 

2.0 

2.9 

3.1 

2.1 

1.1 

3.0 

+0.8 

Stations. 


Fort  Aasinniboine. 
Fort  Benton...... 

Fort  Shaw...... ..... 

Olympia........................ 

Fort  Midsoiila ..... .. 

3^9/kjf  W^^Kl    ••••••••••••■•••••■•••••■•■a**' 

Ix^wiBton ................... 

Helena..... .. 

Fort-  Keogli 

Umatilla. ,.. 

Portland. ..................... 

Fort  Cuister..... ....... 

Virjflnra  City .......... 

liofteburgh .. ........ 

Winneinuecu. ........... 

Salt  J^ike  City 


■••*•■••••■>•■■••*«•••«•««••«•••••■•• 


••••••••■*■ 


Resi- 
duals. 


—0.8 
2.4 
1.9 
5.2 
1.2 
8.8 
5.7 
0.9 
0.6 
5.6 
6.5 
1.7 
1.0 
3w7 
2.4 
0.2 
2.0 

—7.2 


TMe  of  residuals  (v)  for  the  annual  tcmpcraUars, 


SOUTHERN  STATIONS. 

Stations. 

Resi- 
duals. 

Stations. 

Res!- 
duals. 

+^.2 
0.1 
4.0 
C.6 
7.3 
0.1 
1.4 
0.7 
2.4 
1.3 
0.8 
0.2 
0.9 
1.0 
0.3 
0.1 
0.5 
0.8 
0.4 
0.0 
0.3 
1.8 

as 

+0.1 

Rio  Orandc  City 

+1.S 

Visaliu »... 

BrowiiBville.. 

+2.4 

Jx>8  Angelofk................    ...........      ....... 

I^Hveiiworth 

+  1.7 

Sitn  Diego................................................. 

CtuniMi „. r..„. 

Hnrnimento 

—0.4 

Pioclie 

4.2 

1^r«^«u>rttf. 

Phceiiix 

5.4 

Fort  Apaolie ...    ......      — ..... 

P{|;^*M  Poft-lr „., ,..,.„„,    , 

Floronec 

4.2 

Tue»on 

5.7 

Fort  K!«»"tt 

Yuma 

5.0 

Dodc^^  City .........,_., 

Fort  Gmnt 

4.0 

Fort  Gibson 

Silver  City 

1.1 

Iak  MeKilia 

2.2 

Fort  McKavelt 

ElPiiso ^ 

Santa  F6 

4.4 

0.4 

MafKin 

Denver 

4.2 

Coraictina 

Fort  Davis 

1.0 

Frederiv  knhurgh 

Fort  Stockton 

Fort  Oriffln 

0.4 

Bmckcttville •• 

ai 

U\'ulde - ~ 

San  Antonio 

I>ecntur 

2L0 
1.2 

Cfistrovillo ., 

Indinnoln...... 

Denipon 

Port  Coneho ,. ». 

a5 
a8 

OnlvoHton 

Shre%*eport 

0.1 

-a8 
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The  residuals  for  the  monthly  temperatures  need  not  be  giYen>  in  this  report,  as  no  use 
was  made  of  them;  they  were  slightly  in  excess  of  those  for  the  yearly  temperatures. 

An  examination  of  the  results  obtained  shows: 

1.  That  the  value  of  z  (the  diminution  of  temperature  for  each  1,000  feet  in  altitude) 
is  much  smaller  in  the  northern  than  in  the  southern  group  of  stations. 
I  2.  That  the  values  of  z  are  not  the  same  at  different  seasons,  being  larger  in  winter 
than  in  summer. 

3.  That  the  residuals,  especially  those  of  the  northern  group,  indicate  that  a  modifica- 
tion of  the  law  would  be  advantageous  which  shall  be  a  function  of  the  longitude.  This 
is  shown  from  the  fact  that  the  residuals  with  the  +  sign  are  in  general  for  those  stations 
at  the  eastward;  those  with  the  —  sign  for  those  stations  at  the  westward  of  the  one 
hundred  and  seventh  meridian  which  nearly  bisects  this  section  of  the  country. 

It  must  be  remembered  that  the  computations  above  described  are  only  the  first  steps 
in  an  investigation  that  might  be  made  as  to  the  true  law  of  diminution  of  temperature, 
and  give,  therefore,  results  which  might  be  modified  by  further  study.  The  object  of 
the  investigation,  however,  in  this  connection  is  not  to  determine  accurately  the  law, 
but  merely  to  determine  it  with  sufficient  accuracy  to  enable  it  to  be  used  in  computing 
the  value  of  the  mean  temperatures  {i)  which  enters  the  hypsometric  formula.  This 
formula  is  to  be  used  for  those  stations  only  whose  elevations  are  well  determined.  As 
the  time  which  could  bo  d6voted  to  this  portion  of  this  subject  had  been  exhausted,  it 
was  determined  to  adopt  the  values  of  z  for  the  annual  means  above  given,  having  ficst 
corrected  for  longitude  according  to  the  following  plan: 

If  10=^  the  correction  to  ^  depending  upon  the  longitude  of  the  station  and  assumed  to 
vary  with  the  longitude  (in  which  I  =  107° — long.),  then  instead  of  the  fiictor  e  2,  in  the 
equation  above  given,  should  be  written  c{z  -{- 10)^  and  the  residuals  involve  the  quantity 
cl6.    Uv^cie,  then 

V 


e  = 


el 


in  which  v  =  the  residual  for  each  station, 

e  =  the  coefficient  of  Zj  or  the  elevation  of  the  station. 

By  making  use  only  of  those  stations  whose  elevations  have  been  well  determined  the 
following  was  obtained: 

For  northern  stations,  ^  =  +  0.16. 

For  southern  stations,  +  0.04. 

Applying  the  correction  1 6  for  each  station  we  have  the  residuals  in  every  case  reduced 
except  those  for  Winnemucca  and  Salt  Lake  City,  which  were  occordingly  unchanged. 

The  following  table  exhibits  the  factor  for  each  station  for  the  diminution  of  tempenv- 
ture  with  each  1,000  feet  of  altitude,  together  with  the  residuals  v  as  corrected  by  the 
addition  of  the  term  lOtoz: 


Northern  stntions. 


Bismnrok 

Cheyenne 

Foil  Bennett.... 

Fort  Buford , 

Fort  Keogh 

Fort  Stevenflon 
North  Platte .... 

Omaha 

Sa\t  Lake  City . 
Winnemuooa .. 
Yankton.. 


Factor. 

V.  n 

o 

1 

2.26 

1.8 

1.61 

2.8 

2.  SO 

1.5 

1.72 

0.9 

1.66 

1.0 

2.14 

1.6 

2.22 

2.8 

8.00 

2.0 

1.22 

2.0 

1.22 

0.2 

2.76 

1.9 

• 

Southern  stations. 


Brockettrille 

Decatur , 

Denver , 

Dodge  City 

El  Piw) 

Florence 

Fort  Concho , 

Fort  Oriflin 

Fort  Sill 

Fredericksburgh. 

Jacksborouffh 

Mason 

Phceniz 

Santa  F6 

TuQson 


85.— Mean  Monthly  Pressures  Reduced  to  Sea-level, 


By  the  method  explained  above  the  approximate  law  for  the  diminution  of  tempera- 
ture with  altitude  was  derived  and  the  factor  determined  for  eadi  station  west  of  the  nine- 
tieth meridian,  above  1,000  feet  in  elevation,  whose  elevation  had  been  well  determined. 
Stations  between  1,000  and  2,000  feet  whoso  elevations  were  determined  barometrically 
(27)  were  also  included.  The  formula  derived  in  J2  was  then  used  to  reduce  the  mean 
monthly  pressures  observed  at  the  several  stations  to  sea-level,  each  month  being  re- 
duced separately.    The  following  is  a  list  of  the  stations  thus  discussed:  Bismarck, 
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Brackettsville,  Cheyenne,  Decatur,  Denver,  Dodge  City,  El  Paso,  Florence,  Fort  Ben- 
nett, Fort  Bnford,  Fort  Concho,  Fort  Griffin,  Fort  Eeogh,  Fort  Sill,  Fort  Stevenson, 
Fi^edcTicksbargh,  Jacksborongb,  Mason,  North  Platte,  Omaha,  Phccniz,  Saltlflke  City^ 
Santa  F<^,  Tucson,  Winnemuoca,  Yankton. 

In  order  to  illustrate  the  application  of  the  formula  the  following  example  is  given^ 
taken  at  random  from  the  computation: 

Formula: 

In  which — 

A.  =  6036a75  in.  (1.004455  +  0.000004698  [<  —  32]. 

C.  =  1  -f  0.002G119  008  2  ^. 


D.  =  1  -f  0.189 


[f*i] 


The  values  of  A.,  C,  and  D.  are  obtained  lh>m  tables  having  the  following  argu- 
ments: 


Hot.  Arg.  Vert.  Arg. 

A b  i 

C h  j^ 

D - -  ,       ^ 


b  =  mean  pressure,  and  is  obtained  by 
adding  30.0  in.  to  the  observed  pressure 
and  dividing  by  t. 


t  =  mean  temperature,  obtained  from  the  observed  temperature  by  applying  the  tem- 
perature factor  lor  one-half  the  elevation  (A)  of  each  station,  as  given  in  {4.  </^,  fr^^,  ft, 
^  represent  the  observed  vapor  tension,  pressure,  and  elevation,  and  latitude,  re- 
spectively. 

SXAMFLE. 

Santa  F6  =  A  =  7,064  ft.  ^  =  SS^*.?.    April,  1880. 

</'  =  0.13in.  t'^ 44^0 

y'  =  23.254  in.  Red.  for  elevation ai 

—  5.7  (unit  of  third  dec.  place)  t 52.1 

log.  h 3.84905  — ^vi- -  0.11172 

^  A.C.D. 

log.  4--.- 5.20066  log.  y' 1.36660 

log.  i,..-- ...9.99964  log.6^ 1.47822 

log.  J- 9.99678  y 30.076in. 

The  mean  prpssiirc  for  each  month  of  the  two  years  at  sea-level  was,  in  the  manner 
indicated  above,  obtained  for  the  elevated  stations  whose  elevations  are  known  west  of 
the  ninetieth  meridian.  The  corresponding  mean  pressures  at  sea-level  for  all  stations 
below  1,000  feet  were  then  obtained  by  the  use  of  the  reduction  constants  derived  as  in 
{3.  The  next  step  in  the  computation  was  the  plotting  of  the  reduced  pressures  and  the 
drawing  of  isobars  for  each  month.  The  object  of  this  step  was  twofold:  1.  To  reduce 
the  reduction  constants  to  a  homogeneous  system.  2.  To  Ibmish  the  means  Ibr  obtain- 
ing reduction  constants  for  stations  whose  elevations  are  as  yet  undetermined. 

In  order  to  illustrate  the  drawing  of  isobars  there  is  here  given  a  table  of  the  computed 
pressures  for  May,  1881,  and  a  reduced  copy  of  the  map  containing  the  isobars: 
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I,  Ttduced  ta  »ea-leveL 


90 

Rio  Graode  City.. 

a 

».tH 

IStEE 

:-SS 

asSSSto!..;;.;;;.:: 

38 

SS^vSSS'.'.':.?!!::::::: 

.  i;!^ 

9B 
93 

I^= 

S!^ 

^fiS 

ffl 

SO 

89 

SI 

m 

D9 

S«i.UF* 

gSlsr.:::::;::::::. 

§!;2:r'* 

~2S 

s 

i 

North  Platte.!'."!!.'.',"!! 

19.88 

.'!!!.."  M,M 

YanktoD 

U|rtQib«m 

» 

M 

PorllBDd.'  'op^j'.'.!'.'.'.'.'.'.' 

19.89 
SO.  OB 
19.91 

PoTtKeoKh 

» 

87 

Approximate  Isotwrs  tor  May,  1881.  ««i-.f«™« 

All  the  projections  were  made  Dpon  tlie  large  nutps  nsed  in  tbeindicationenKiiii.  Ib 
tbe  circle  representiiig  each  etation  was  placed  in  block  ink  the  reduced  presenres  and 
by  their  aid  the  curves  were  drawn.  After  the  diswing  of  the  cnrree  the  observed  pre^ 
nces  for  each  stalioD  were  inserted  in  red  ink  and  the  difference  obtained  between  tbeee 
valnesapd  the  reduced  pressures  interpolated  from  thecurves.  Tbeee  differences  are  the 
redaction  constants  for  the  respective  atations.  • 

JO. — Eeductiok  Constants  fob  Elevated  Stationb. 
TherednctionconstantBrorall  stations  above  1,000  feet  in  elevation,  vest  of  the  nine- 
tieth meridiBD,  were  obtained  lironi  the  projected  cnrves  as  above  described.    For  those 
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stations  whose  elevations  are  well  determined,  the  constants  agree  nearly  with  the  com- 
puted values,  the  difference  being  due  to  the  fact  that  the  curves  necessarily  take  account 
of  the  pressures  at  several  adjacent  stations  and  thus  disregard  the  discordances  between 
them  by  reducing  them  to  a  homogeneous  system.  As  an  illustration  of  the  reduction 
constants  thus  derived  and  their  relation  to  the  values  computed  by  the  rigid  formula, 
the  computation  for  May,  18B1,  is  continued  as  below. 

JReducUon  constants  for  May,  1881. 


Statt^n. 


«••>•••••■>»•• 


•■•*•••■••••••«*«•••••< 


Bismarck  .........> 

Bois6  City 

Brackcttsville ... 

Cami>  ThomiX6.... 

Cheyenne ...... 

Dayton 

Dcsadwood  .........^....„ 

Decal  ur . .....m.......... 

Dodge  City....................... 

Eairle  Rock.............^ 

ElPaso - 

Florence................ ..... 

Fort  Apache....... 

FortAssinniboine 

Fort  Bennett..... 

Fort  Benton........ 

Fort  Buford....... ..... 

Fort  Conoho............... 

Port  Custer................. 

Fort  Davis................. 

Fort  Elliott 

Fort  Orant..................... 

Fort  Griffin 

Fort  Keogh. _. 


■«•■•*••«•••••••»«•••••«•  •••«  •  ••< 


!•••*••••*••< 


■••«>«*•••*••• 


>«••••••••••• 


••••••■•«B»« 


>■••••••<»•' 


ftS8 

o  S  ** 


1.79 
2.82 
1.19 
2.64 
2.07 
6.86 
1.75 
4.52 
1.18 
6.16 
2.57 
4.C8 
3.66 
1.49 
4.81 
2.84 
1.56 
2.79 
1.97 
1.92 
3.09 
4.96 
2.72 
4.60 
1.29 
2.45 


t 

P. 

a 
d 


1.79 
1.19 


6.90 


1.17 
6.11 
2.54 


3.64 
1.49 


1.66 


1.98 
1.91 


1.28 
2.43 


Station. 


••■•••■«••««••••■•••••  •■  • 


>«••«•••■•••■•••••• 


«••••«■•«  ••«  •«• ' 


Fort  McKavetL.... 

Fort  Missoula 

Fort  Shaw .. 

Port  Sicvenson.................. 

Port  Stockton.... . 

Prcderioksburgh 
Helena. 

Henrietta. 

Jacksborougrh 

Nortli  Platte.: 

Plioenix... 

Pike's  Peak 

A  ioooc— ——««»»«■■> •••  •»> •■»«• 

Salt  Lake  City.. 
Santa  P6. 

M.  UWf^^Bt    1  ■  I  ■  iiifi  I  !■■■■■■■■»—— ■!■■■■■!  II  !■■■■■  If  a—  UMmm 

Winnemuoca...... ................. .—..... 

Yankton..^ 


••**••■*•••«««• 


•■•■••••■a  •«•««• 


Adopted 

from 

curves. 

1 

on 

S 

a 

2.24 

3.30 

8.60 
1.23 
1.83 
8.02 
1.73 
4.17 

1.23 
1.82 

1.7S 

0.09 

1.15 
8.79 

1.14 

1.63 
2.86 
1.16 
1.13 
12.06 

1.64 
2.87 
].16 
1.13 

6.87 

6.09 
4.30 
6.61 
6.58 

6.63 

2.06 

2.34 
4.82 
L27 

2.34 
4.80 
1.27 

In  this  way  the  reduction  constants  for  each  of  the  twenty-fonr  months,  November, 
1879,  to  October,  1881,  was  obtained ;  the  mean  of  the  result  for  the  corresponding  months 
was  adopted  as  the  monthly  constant  for  that  month. 

The  results  for  stations  at  which  the  observations  were  incomplete,  a  list  of  which  is 
given  in  ^  1,  were  reduced  to  the  above  system  by  comparison  with  surrounding  stations. 

An  approximate  check  upon  the  computation  is  afforded  by  comparing  the  differences 
between  the  constansts  obtained  for  the  corresponding  months  of  the  two  years  with 
the  differences  which  the  formula  would  give  depending  upon  the  differences  in  the  ob- 
served temperatures.  This  check  was  applied  in  all  cases,  and  in  a  few  instances  caused 
a  modiffcation  of  the  curves,  which  had  been  projected  over  portions  of  the  country  where 
the  observations  were  few  in  number. 

The  following  illustrations  are  given  of  the  results  obtained: 

CHEYENNE. 


January. 

February. 

March. 

April. 

May. 

Juno. 

Monthly  rcduotion 

constants : 

First  year „.. 

6.18 

6.24     • 

6.23 

6.01 

5.88 

6.7S 

Second  year.... 

&83 

6.26 

6.16 

6.99 

5.85 

5.73 

Differences : 

Second  — first.... 

+.15 

+.02 

—.07 

-.02 

—.03 

— .« 

Observed    dilf.  of 

temperature ... 

-7*>.6 

+40.3 

+00.8 

+4«.6 

+00.6 

+80.9 

Corrections  due  to 

temperature.. 

+.09 

—.06 

—.07 

-.06  • 

—.01 

-v07 
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CHEYENNE— Continued. 


Monthly  reduction 
constants : 

First  year 

Second  year 

Difle  fences : 

Second  —  first.. 
Observed    diff.   of 

temi)erature 

Corrections  due  to 
temperature  - — 


i 

July. 

August. 

September. 

October. 

November. 

December. 

5.71 
5.67 

-.04 

+40.5 

-.05 

5.73 
5.68 

-.05 

+4°  4 

-.06 

5.87 
5.86 

—.01 

—2°.  9 

-I-.08 

6.06 
5.99 

—.06 

+0°.8 

—.01 

6.13 
6.30 

+.17 

-130.3 

+.16 

6.29 
6.27 

-.02 

+10.  e 

-.08 

FORT  SILL. 


January. 

February. 

March. 

April. 

Mar. 

June. 

Monthly  reduction 

conatantti : 

First  year.».„....„ 

1.30 

L80 

1.29 

1.24 

1.21 

1.20 

Second  year-.„.. 

1.86 

1.32 

1.29 

1.25 

1.23 

L19 

DifiTerences : 

Second  —  first ... 

+.08 

+.02 

.00 

+.01 

+.08 

-.01 

Observed    diff.  of 

temperature 

-200.7 

-80.0 

-00.4 

-40.0 

-30.1 

+70.4 

Corrections  <lue  to 

temperature .. 

+  .04 

+.02 

.00 

+.01 

+.01 

-.01 

Monthly  reduction 
oonstante: 

First  year 

Second  year. 

Diflcrences : 

Second  —  first ... 

Observed    diff.  of 

teni  iierature........... 

Correr:tions  due  to 
temperature. 


July. 


1.21 
L20 

-.01 

+70.6 

—.02 


August. 


September. 


L18 
1.17 

—.01 

+90.7 

—.02 


1.23 
1.22 

—.01 

+40.6 
-.01 


October. 


1.28 
1.24 

—.04 

+70.0 

—.01 


November. 

December. 

1.29 
1.33 

1.33 
L33 

+.04 

.00 

+170.4 

-20.4 

+.08 

.00 

The  agreement  between  the  third  and  fifth  lines  in  these  examples  is  a  &ir  illustration 
of  the  results  obtained  at  the  variou;^  Stations,  the  discordances  being  greater  as  the  ele- 
vations increase.  This  check  applies  only  to  the  relative  values  of  the  constants  for  cor- 
responding months,  and  not  to  their  absolute  values. 

A  final  check  was  applied  by  reducing  to  sea-level  the  mean  of  the  observed  pressures 
for  the  two  years,  month  by  month,  with  their  respective  constants.  The  resulting  iso- 
bara  fairly  represented  the  values  at  the  several  stations. 

There  are  but  two  stations  east  of  the  ninetieth  meridian  having  an  elevation  greater 
than  1,0U0  feet,  Atlanta  and  Mount  Washington.  The  constants  for  Atlanta  (1,131  feet) 
were  obtained  by  Scott's  tables;  for  Mount  Washington  by  subtracting  the  mean  observed 
presstires  fix>m  the  mean  of  the  reduced  pressures  at  Burlington  and  Portland. 

{  7 — ^Babometbic  Deteemination  of  Elevations. 

The  method  adopted  for  deriving  the  reduction  constants  makes  no  use  of  the  eleva- 
tions of  stations  above  2, 000  feet,  except  those  which  have  been  well  determined.  It  is  un- 
necessary for  this  work,  then,  to  find  the  approximate  elevations  of  the  remaining  stations, 
but  they  will  serve  to  complete  the  table  of  elevations  and  to  show  the  altitudes  for  which 
the  reduction  constants  are  applicable.  By  the  aid  of  the  hypsometric  formula  ( i  2, 17)  the 
elevations  of  stations  not  otherwise  known  have  been  computed  with  the  data  furnished  by 
tbe  two  years*  observations,  the  mean  values  for  the  whole  period  being  employed.  The 
following  table  exhibits  the  results  obtained  for  each  station.  In  general  it  will  be  seen 
that  computations  have  been  made  with  more  th^n  one  adjacent  station  as  a  btise  and  the 
adopted  values  deduced  therefrom.  It  will  also  be  obser^'ed  that  the  individual  results  are 
quite  discordant  among  themselves  for  the  elevated  stations  in  the  northwest,  comprising 
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Dead  wood,  Fort  Assinniboine,  Fort  Benton,  Fort  Mtssonla,  Fort  Shaw,  and  Helena,  and 
also  for  Fort  Davis  and  Fort  Stockton  in  the  southwest,  according  to  the  geographical  dis> 
tribution  of  the  neighboring  stations  with  which  comparisons  have  been  made.  This  dis- 
cordance is  about  lUU  feet  in  the  case  of  the  northwestern  group.  A  similar  result  is 
seen  in  the  case  of  Campo  when  compared  with  San  Diego  on  the  one  hand,  and  Yuma 
or  Tucson  on  the  other.  These  discordances  are  not  due  to  inaccuracies  in  the  computa- 
tion, but  are  real  dilferenoes  depending  upon  the  different  meteorological  conditions 
peculiar  to  each  locality.  It  may  be  a  question,  then,  jast  what  is  meant  by  the  term 
"'sea-level "  when  applied  to  the  imaginary  plane  lying  beneath  the  plateau  region  west 
of  the  Mississippi  River,  to  which  barometric  readings  are  referred.  At  the  present  time 
quite  different  results  are  obtained  by  reducing  to  sea-level  with  the  aid  of  stations  east 
of  the  Rocky  Mountains,  from  those  obtained  with  the  aid  of  stations  west  of  these  mount- 
ains.  It  was  this  cause  which  led  1>o  the  necessity  of  applying  a  longitude  correction 
as  explained  in  J  4,  in  deducing  the  law  of  diminution  of  temperature  with  the  altitude. 
The  reference  plane  denominated  **  sea-level,"  since  it  has  been  obtained  by  equalizing 
discrepancies  between  stations  east  and  west  of  the  Rocky  Mountains,  may  therefore  be 
consideied  as  not  coincident  with  the  true  sea-level,  but  approaching  it  as  nearly  as  our 
present  knowledge  allows.  In  adopting  tho  elevations  for  these  stations  the  mean  be- 
tween the  separaxe  results  was  necessarily  chosen,  because  there  is  no  reason  for  giving 
preferences  in  such  cases  and  because  it  gives  the  elevation  above  that  plane  of  reference 
that  has  been  adopted  in  this  computation. 


Elevaiion  of  atations  determined  barametrieaUy. 


Station. 


Boifl6  City | 

BrockeUville 


Oiuxipo. 


Camp  Tbomns... 

CairtroviUe 

Dayton. 


Dead  wood. 


Decatur 

EofflePass.... 

ElPoso 

Florence 

Fort  Apache . 


Fort  Aaslnniboine 

Fort  Bennett 

Fort  Benton 


Fort  Boford.. 
Fort  Concho. 
Fort  Cnster... 


FortDaviii 

FoH  Elliott 

FortGibion 

Fort  Grant , 

Fort  Griffith 

Fort  McKavett. 

Fort  Hiesonla... 


{ 


{ 


{ 


1 


{ 


Fort  Shaw.. 


{ 


Bcfcrenco  station. 


Portland 

Wlnnemuocu , 

8nn  Antonio 

San  Diego 

Yuma 

Tucson 

Tucson 

San  Antonio 

Portland 

Bismarck 

Cheyenne 

Fort  Keogh 

Denison , 

San  Antonio.....^ 

Tucson ^7. 

Santa  F6 

Tucison 

Tucson 

Santa  F6 

Bismarck 

Fort  Keojjh 

Winnemuixr.i 

Yankton 

Bismarck 

Fort  KcorIi 

Winnemucca 

Bismarck 

FortKcoffh 

San  Antonio 

Bismarck 

Fort  KcoRh 

San  Antonio 

El  Paso 

Corsionna 

North  PliUte 

Dodse  City 

Denison , 

Tucson 

Santa  Fu 

Denison 

San  Antonio 

Portland 

Winnemucca 

Fort  Keogb 

Portland 

Winnemucca 

FortKeoKh 


FteL 
S,7M 
2,735 
1,1«7 
2,625 
2,461 
2,800 
2,708 

785 
1,661 
4,562 
4,652 
4,660 
1,146 

780 
8,767 
8,760 
1,484 
5,037 
6,067 
2,671 
2,654 
2,767 
1,618 
2,658 
2,689 
2,746 
],M0 
1,801 
1,89T 
8,060 
3,080 
4,975 
4,901 
4,976 
2,651 
2.652 

63M 
4,859 
4,857 
1,261 
2.238 
3,liM 
8,199 
8,090 
8,809 
8,611 
8,496 


) 
} 

} 


I 
t 

} 

I 

} 


2,750 
1,1T0 

2,600 

2.710 

780 

1,660 

4.600 

1,160 
780 

3,760 

1,480 

5,060 

2,  no 

1,510 
2.  TOO 

1,900 
1,900 
3,040 

4.040 


540 

4,860 

1,260 
2,24a 

3,140 
8,80a 
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JElevalions  of  gtations  determined  barometrically — Continned. 


Station. 


Fort  Sill 

Port  Steveiition. 


Fort  Stockton 

Frcdericki»burgh. 

Helena 


{ 


Henrietta 

Jacksborough. 

La  Mesilla. 

Laredo 

licwiston. 

Mason 

Phoenix 

Piocbe 


{ 


{ 


{ 


Prescott 

RedBluff. 

Rio  Grande  City 

Silver  City..... | 

Umatilla. 

Uvalde 


Reference  station. 


Denison  

Bismarck 

San  Antonio 

El  Paso 

San  Antonio....... 

Portland... 

Winnem  ucoa 

FortKeogh.. 

Denison 

Denison 

El  Paso 

Tucson 

San  Antonio 

Portland 

San  Antonio 

Tucson 

Salt  I Ake City... 

Tucson 

Santa  F6 

Sacramento 

Indianola 

Tucson 

Santa  F€> 

Portland 

San  Antonio 


FseL 

1,201 

1,754 

8,040 

2,973 

1,702 

4,159 

4,166 

4,048 

985 

1,123 

8,012 

8,896 

463 

781 

1,017 

1,116 

0,108 

5,331 

0,850 

816 

229 

5,889 

5,800 

341 

984 


i 


<3 


} 
} 
} 


1,200 
1,750 

3,010 

1,700 

4,100 

960 

1.120 

8,900 

400 
780 

i,Gao 

1,120 
6,U0 

9,840 

850 

230 

5,890 

340 
980 


Of  these  elevations  all  tinder  2,000  feet  except  that  of  Henrietta  were  employed  in  the 
derivation  of  the  reduction  constants.  The  constants  for  the  remaining  stations  were  de- 
rived as  explained  in  §  6. 

2  8.  The  Accuracy  op  the  Reduction  Constants. 

It  is  impossihle  to  ohtain  hy  rigid  methods  any  estimate  as  to  the  accuracy  of  the  re- 
duction constants  derived  as  above.  A  general  estimate  can,  however,  he  obtained  by 
considering  the  various  sources  of  error  in  their  bearing  upon  the  computations,  and  the 
probable  effect  upon  the  final  result  of  uncertainties  due  to  their  influence. 

The  derivation  of  constants  for  stations  below  100 feet  in  elevation  by  the  use  of  Scott's 
tables  may  be  considered  as  giving  results  reliable  to  the  hundredths  of  on  inch.  The 
computation  of  constants  for  the  more^levated  stations  is  liable  to  be  affected  by  errors 
which  may  be  thus  classified,  viz:       ^ 

(1.)  Errors  in  the  observations. 

The  examination  of  the  data  from  the  various  stations  showed  nmny  errors  in  the 
records  of  the  observations,  or  in  the  deduction  of  the  monthly  averages.  These  were 
corrected  as  far  as  discovered,  but  doubtless  many  remain  undetected.  There  were  also 
indications  that  the  observations  at  certain  stations,  particularly  those  in  the  northwest, 
had  been  carelessly  made  and  were  therefore  unreliable.  This  source  of  error  is  hard  to 
detect. 

(2. )  Incomplete  observations. 

The  errors  from  this  source  are  unavoidable.  Their  influence  was  especially  noted  in 
the  early  months,  as  some  stations  in  important  locations  had  not  been  established  and 
•at  others  there  were  breaks  in  the  continuity  of  the  series. 

(3.)  Fewness  of  the  stations. 

This  difficulty  was  seriously  felt.  The  isobars  drawn  over  the  large  area  west  of  the 
ninetieth  meridian  were  based  upon  the  ol»crvations  at  only  64  stations,  of  which  38 
were  near  the  eastern  and  western  limits.  Great  weight  was  therefore  of  necessity  given 
to  the  26  remaining  stations.  In  some  cases,  particularly  in  the  early  months  and  in 
the  northwest,  there  was  great  latitude  possible,  amounting  to  several  hundredths  of  an 
inch,  in  the  projection  of  the  curves. 

(4. )  Uncertainties  in  the  formula  and  its  application. 

The  chief  source  of  error  under  this  head  is  found  in  the  assumptions  made  necessary 
in  deriving  the  temperature  factor.  (See  {4.)  It  is  difficult  to  estimate  the  absolute 
errors  introduced  in  this  way,  but  they  increase  with  the  elevation  of  the  stations  and 
may  amount  to  several  hundredths  of  on  inch. 

The  cumulative  errors  from  all  these  sources  are,  however,  considerably  lessened  by  the 
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methods  of  obtaining  the  final  constants  from  the  individual  resnits.  Thns,  the  effect  of 
drawing  isobars  is  to  average  the  individual  errors  of  adjacent  stations,  while  the  adop- 
tion of  the  mean  results  for  corresponding  months  in  the  two  years  still  further  reduces 
their  errors.  The  erroro  due  to  source  (^3,  or  uncertainties  in  the  isobars  themselves, 
due  to  an  insufficient  number  of  stations,  were  further  reduced  by  changes  in  the  pro- 
jection of  the  curves  required  by  the  check  computations  mentioned  in  J  6. 

It  may  be  estimated,  then,  that  tlie  uncertainties  of  the  constants  may  amount  to 
0.01  inch  for  stations  below  1,000  feet,  and  for  stations  above  1,000  feet  varies  from  0.01 
inch  to  0.06  inch,  according  to  the  elevation.  These  estimates  relate  wholly  to  the  un- 
certainties of  the  computation  of  the  present  system  of  reduction  constants,  and  are  in- 
dependent of  any  considerations  affecting  the  reliability  of  the  system  itself. 

ADDENDUM. 
[Signal-Service  Orders  No.  94.] 

War  Department,  Office  of  the  Chief  Signal  Officer, 

^yasfdng(on,  D.  C,  December  16,  1881. 

On  and  after  January  1,  1882,  the  reductions  of  barometric  pressures  to  sea-level  dur- 
ing any  one  month  will  be  made  by  adding  to  the  actual  procures  (i.  r.,  the  observed 
readings  corrected  for  temperature  and  instrumental  error  only)  the  monthly  constants 
given  in  the  following  table  for  each  station.  The  cipher  word  for  the  resulting  num- 
ber will  bo  telegraphed  as  the  word  for  the  barometer  reduced  to  sea-level.  Observers 
will  note  that  these  constants  are  given  to  two  decimal  places  only,  and  that  the  third 
decimal  place  must  be  filled  by  a  cipher  (0).  Example:  Boston,  constant  correction  Ibr 
January  is  0.170  inch. 

To  prevent  mistakes,  observers  will  transcribe  for  each  month  the  constants  relating 
to  their  stations  for  that  month  only  (adding  the  cipher  in  the  third  decimal  place),  and 
will  use  the  copy  thus  transcribed  in  making  all  barometric  reductions  to  sea-level,  and 
in  filling  up  all  forms. 

When  a  change  in  elevation  of  any  barometer  is  made,  the  station  constant  for  each 
month  will  be  altered  as  directed  in  circular  letter  of  May  27,  1881.  A  full  report  of 
all  changes  in  elevations  and  constants  will  be  immediately  made  to  this  office. 

The  use  of  the  constants  given  in  Signal  Service  Orders  No.  30,  current  series,  will  be 
discontinued  after  December  31,  1881. 

By  order  of  Brig.  &  Bvt  Miy.  Gen»l  W.  B.  Ilazen. 

LOUIS  V.  CAZIARC, 
First  Lievienantt  Second  ArtiUery,  Acting  Signal  Officer, 


Monthly  c  mMants  for  Vie  rcdudum  to  acoAcvel  of  barometric  obscrvaUona  made  at  Signal 

Service  stafionp. 


Station. 


Albany,  N.Y 

Alpena,  Miuh 

AtluntA,  Ga 

Atlnntio  City,  N.  J 

Aug^usta,  Cla 

Baltimore^  Md 

Bnniegat,  N.  J 

Bismarck,  Dak... 

Bois6  City,  Idaho .............. 

Boston,  Mass............ 

Brackcttvillc,  Tex 

Brld)<:ctown,  Barbado^k. 

Brownsville.  Tex 

BuiTalo.  N.  Y 

Burlinjrton,  Vt 

Cainpo,  Cal..^...... 

Caiui}  Thomas,  Ariz 

Cajjc  Henry,  Va 

Capo  May,  N.  J 

Castrovillc,  Tex 

Cedar  Keys,  Fla 

Cbamjmijpn,  III 

Charleston.  8.  C 

Charlott*.-,  N.  C 


e9 


0.09 
0.71 
1.23 
0,01 
0.20 
«>.(if» 

\\Ui 
2.00 
2.'.« 
<).17 
1.25 
0.0.3 
0.05 
0.76 
0.31 
0.42 
2.63 
2.83 
0.02 
0.08 
0.89 
0.02 
0.87 
0.06 


Beductioi^  constant  for  each  month. 
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o 
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s 

£ 

a 

a. 

1 

6 

a 

1 

0.09 

0.00 

0.06 

0.06 

0.06 

0.06 

0.08 

0.08 

0.08 

0.06 

0,71 

0.70 

0.09 

0.66 

0.65 

0.04 

0.64 

0.66 

0.67 

0.70 

1.22 

1.21 

1.19 

1.17 

1.15 

1.15 

1.15 

1.17 

1.19 

1.22 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.20 

0.20 

0.19 

0.19 

0.19 

0.19 

0.19 

0.19 

0.19 

0.30 

0.06 

0.05 

0.06 

0.06 

0.05 

0.06 

0.06 

0.05 

0.05 

0.06 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

1.98 

1.02 

1.88 

1.79 

1.76 

1.78 

1.76 

1.80 

1.88 

1.93 

2.96 

2. 112 

2.64 

2.84 

2.78 

2.72 

2.75 

2,77 

2,86 

2.94 

0.16 

0.16 

0.16 

0.16 

0.15 

0.15 

0.15 

0.15 

0.16 

0.16 

1.24 

1.21 

1.19 

1.17 

1.14 

1.17 

1.15 

1.17 

1.19 

1.24 

0.03 

0.08 

0.08 

0.08 

0.08 

0.08 

0.03 

0.08 

0.08 

0.03 

0.05 

0.06 

O.06 

0.04 

0.04 

0.04 

0.04 

0.04 

0.00 

0.06 

0.76 

0.75 

0.75 

0.71 

0.70 

0.69 

0.69 

0.70 

0.72 

0.74 

0.31 

0.31 

0.30 

0.29 

0.29 

0.28 

0.29 

0.29 

0.30 

0.31 

0.42 

0.42 

0.41 

0.40 

0.39 

0.39 

0.30 

0.40 

0.40 

0.42 

2.64 

2.61 

2.68 

2.53 

2.48 

2.49 

2.60 

2.54 

2.56 

2.63 

2.83 

2.78 

2.73 

2.67 

2.63 

2.50 

2.62 

2.64 

2.71 

2.84 

0.02 

0.02 

0.02 

0.03 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.08 

0.08 

0.08 

0.03 

0.08 

0.08 

0.03 

0.08 

0.84 

0.83 

0.82 

0.81 

0.80 

0.80 

0.80 

0.81 

0.82 

0.84 

0.02 

0.02 

0.02 

0.02 

0,02 

0.02 

0.02 

0.02 

ao2 

0.02 

0.87 

0.86 

0.64 

0.80 

0.79 

0.70 

0.79 

0.80 

0.83 

0.86 

0.06 

0.06 

0.06 

O.05 

0.06 

0.06 

0.06 

0.06 

0.06 

aoo 

0.89 

0.88 

0.86 

0.81 

0.83 

0.83 

0.83 

0.84 

0.86 

ass 

0.09 

0.71 

1.23 

0.01 

O.90 

0.06 

0.08' 

2.03 

2.96 

0.10 

1.29 

0.08 

0.05 

0.76 

0.81 

0.43 

2.64 

2.82 

0.08 

0.08 

0,84 

0.08 

0.87 

a06 
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MoniMy  oofutonte  for  the  reduction  to  aca-lcvd^  dtc. — Gontinned. 


Stntion. 


••  ••««•■••••• 


•  *  ■  ••••«aai 


•  *«*•«••«•• 


•••••••••*« 


Chattanooza,  Tenn 

Cheyenne,  Wyo .^ 

Chieaifo,  111 ....„, 

Cliinooteague,  Va .... 

Cincinnati,  Ohio.. .. 

Cleveland,  Ohio 

Columbus,  Ohio....... 

Davenport,  Iowa....... 

Dayton,  Wash............. 

Deadwood,  Dak. 

Del.  Breakwater,  Del 

Denison,  Tex..-.. ^^ 

Denver,  Colo 

Des  Moinea,  Iowa 

Detroit,  Mich .............. 

Dodg:e  City,  Kans 

Dubuque,  Iowa 

DuJuth,  Minn 

liag\e  Pa5»s,  Tex 

Eagle  Iloek,  Idiilii} 

£u»>tport,  Mc 

El  Paso,  Tex 

Eric,  Pa 

Kscanab^i,  Mich  ... ; ... 

Florence,  Ariz 

F«'rt  Apache,  Ariz 

Tort  Assinniboinc  Mont.... 

Fort  Ueiinelt,  Dak „. 

Fort  llenlun,  Mont 

Fort  iiulord,  Dak 

Fort  Concho,  Tex 

I'^ort  (,'«Btcr,  Mont 

Fort  l.)iivifl,  Tex 

F(;rt  Eiljott,  Tox 

Fort  Gibson,  ln±  T — 

Fort  Ciraut,  Ariz 

Fort  Oriiiiu,  Tr.x „.. 

Fort  Keojfh,  Mont 

Fort  M.icon,  N.  C 

Fort  MciCuvett,  Tex 

Fort  MiKsoula,  Mont 

Fort  Sim  w,  Mont 

Fort  Sill.  Ind.  T- 

Fort  Stevenson,  Dak 

Fo:t  Stockton,  Tex , 

Fort  Washakie,  Wyo... 
Fre«ilerick8bur;j;h,  Tex 

Oalvrston,  Tex 

Gmn<l  Haven,  Mich..... 

liattcms.  N.  C 

JIavana,  Cuba «. 

Helena,  Mont 

Ilcnrielta,  Tex 

Huron,  Dak , 

IndianaiKjlis,  Ind. 

Indiunola,  Tex 

Jaeksborough,  Tex..., 

Jacksonville,  Fla 

Kcoknk,  Iowa 

Key  West,  Fla 

Kin'^ton,  Jamai.a... 

Kittyhawk.  N.  C 

Knoxville,  Tcnn 

I^  Crosse,  Wis „..., 

1<a  McHil'a,  N.  Mcx— 
Laredo,  Tex 
Leavenworth,  Kana 

liewiMton,  Idaho 

Little  nock.  Ark 

I  A>s  A  n.»irc  I  e«,'  Cal 

l.oui.<iviile,  Ky 

Lynchburjrh,  Va  -.... 

Madison,  Wis  -.. 

Marcinetfe,  Mich 

Mason,  T 


Reduction  oonstant  for  each  month. 
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•••••*••*•••• 


••«  •*•••••• 


««•«•»*»«  ■  ••»*i 


0.8ft 

6.25 

0.75 

0.02 

0.09 

0.78 

0.00 

0.71 

L80 

4.96 

L27 

0.02 

0.84 

5.52 

0.97 

0.76 

2.75 

0.77 

0.76 

0.84 

4.96 

0.07 

3.88 

0.77 

0.72 

L58 

5.12 

3.01 

L74 

2.98 

2. 2  J 

2.02 

3.38 

4.98 

2.93 

O.GO 

4.90 

1.3S 

2.09 

0.01 

2.39 

3. 40 

3.86 

1.33 

2.06 

3.H 

C.82 

1.82 

0.01 

0.71 

0.02 

0.05 

4.43 

1.07 

1.54 

0.81 

0.03 

1.21 

0.05 

0.70 

0.C3 

0.01 

0.02 

1.08 

0.84 

4.03 

0.46 

0.96 

0.87 

0.33 

0.40 

0.59 

0.72 

1.09 

0.78 

L74 


0.86 

0.25 

0.75 

0.Q2 

0.69 

0.70 

0.90 

0.70 

L81 

4.92 

L27 

0.02 

0.84 

5.52 

0.97 

0.75 

2.74 

0.76 

0.76 

0.84 

4.90 

0.07 

3.88 

0.77 

0.72 

1.58 

5.10 

3.01 

1.73 

3.00 

2.18 

2.02 

3.36 

4.96 

2.90 

0.00 

4.86 

1.37 

2. 68 

0.01 

2.38 

3.43 

3.85 

1.31 

2.02 

3.13 

6.78 

1.80 

0.04 

0.71 

0.02 

0.06 

4.40 

1.05 

L52 

0.85 

O.03 

1.21 

0.05 

0.70 

0.03 

0.01 

0.02 

1.08 

0.84 

4.01 

0.46 

0.95 

0.87 

0.33 

0.40 

0,59 

0.72 

L09 

0.78 

L73 


0.85 

6.18 

0.74 

0.02 

0.69 

0.78 

0.89 

0.69 

1.81 

4.84 

L22 

0.02 

0.83 

5.44 

0.96 

0.75 

2.73 

0.75 

0.74 

0.82 

4.87 

0.07 

3.80 

0.77 

0.71 

1.57 

5.02 

3.01 

1.70 

2.98 

2.14 

1.97 

3.33 

4.88 

2.83 

0.59 

4.83 

1.35 

2.05 

0.01 

2.32 

3.38 

3.80 

1.29 

1.98 

3.08 

6.73 

1.76 

0.01 

0.70 

0.02 

0.05 

4.37 

1.04 

1.48 

0.84 

0.03 

1.21 

0.05 

0.69 

0.03 

0.01 

0.02 

1.06 

0.82 

3.95 

0.45 

0.04 

0.85 

0.33 

0.40 

0.59 

0.T2 

1.07 

0.77 


0.88 
6.00 
0.73 
0.02 
0.67 
0.76 
0.87 
0.67 
1.75 
^.69 
1.21 
0.02 
0.80 
6.27 
0.93 
0.78 
2.64 
0.73 
0.72 
0.81 
4.72 
0.07 
3.74 
0.75 
0.09 
L50 
4.92 
2.90 
1.64 
2.86 
2.07 
L94 
3.18 
4,79 
2.78 
0.58 
4.73 
1.30 
2.54 
0,01 
2.26 
3.31 
8.67 
1.24 
1.90 
3.03 
6.57 
1.72 
0.04 
0.09 
0.02 
0.06 
4.26 
1.03 
1.45 
0.82 
0.03 
1.18 
0.04 
0.67 
0.03 
0.01 
0.02 
L04 
0.80 
3.88 
0.44 
0.01 
0.85 
0.32 
0.40 
0.57 
0.71 
1.04 
X).75 
1.65 


1 

i 

• 

"a 

0.81 

0.81 

0.80 

5.87 

6.74 

5.60 

0.70 

0.09 

0.60 

0.02 

0.02 

0.02 

0.65 

0.65 

0.64 

0.78 

0.73 

0.72 

0.84 

0.84 

0.83 

0.64 

0.64 

0.63 

1.75 

1.74 

L71 

4.52 

4.44 

4.43 

1.16 

L15 

L16 

0.02 

0.02 

0.02 

0.79 

0.78 

0.78 

5.16 

5.04 

5.01 

0.89 

0.88 

0.88 

0.70 

0.69 

0.09 

2.55 

2.51 

2.60 

0.70 

0.69 

0.09 

0.70 

0.60 

0.67 

0.80 

0.79 

0.79 

4.G8 

4.59 

4.» 

0.07 

0.07 

0.06 

3.64 

8.59 

8.00 

0.72 

0.72 

0.71 

0.06 

0.65 

0.64 

1.47 

L45 

L44 

4.82 

4,75 

4.74 

2.84 

2.79 

2.73 

L56 

L64 

1.54 

2.79 

2.77 

2.71 

L98 

L96 

1.94 

1.90 

L87 

L88 

3.10 

3.06 

3.02 

4.72 

4.61 

4.64 

2.70 

2.67 

2.64 

0.56 

0.55 

0.55 

4.61 

4.54 

4.57 

1.28 

1.25 

1.25 

2.45 

2.43 

2.41 

0.01 

0.01 

0.01 

2.24 

2.20 

2.20 

3.30 

8.26 

3.19 

3.60 

3.57 

3.51 

1.22 

1.20 

1.20 

L83 

1.80 

1.78 

3.01 

2.92 

2.94 

0.50 

0.39 

6.35 

1.72 

1.68 

1.70 

0.04 

0.01 

0.04 

0.66 

0.65 

0.65 

0.02 

0.02 

0.02 

0.05 

0.05 

0.06 

4.17 

4.12 

4.06 

0.98 

0.98 

0.98 

1.35 

1.84 

1.82 

0.79 

0.78 

0.77 

0.C3 

0.03 

0.03 

1.15 

L12 

1.12 

0.04 

0.04 

0.04 

0.65 

0.64 

0.63 

0.03 

0.03 

0.08 

0,01 

0.01 

0.01 

0.02 

0.02 

0.02 

1.02 

1.01 

1. 00 

0.76 

0.76 

0.75 

8.76 

3.72 

3.74 

0.44 

0.43 

0.43 

0.88 

0.87 

0.86 

0.84 

0.82 

0.81 

0.31 

0.31 

0  31 

0.40 

0.89 

0.89 

0.55 

0.55 

0.55 

0.68 

0.67 

0.67 

1.00 

0.99 

0.98 

0.72 

0.72 

0.71 

LOS 

1.60 

Lfl2 

0.80 

6.70 

0.69 

0.02 

0.64 

0.72 

0.83 

0.63 

L71 

4.44 

1.14 

0.02 

0.78 

6.02 

0.88 

0.09 

2.48 

0.09 

0.68 

0.79 

4.55 

0.07 

3.60 

0.71 

0.64 

1.43 

4.72 

2.75 

L54 

2.79 

1.94 

1.86 

3.06 

4.65 

2.64 

0,55 

4.57 

1.24 

2.43 

0.01 

2.21 

3.22 

3.53 

1.18 

1.78 

2.94 

6.36 

L71 

0.04 

0.65 

0.02 

0.r5 

4.09 

1.00 

1.^4 

0.i7 

0.03 

L12 

0.04 

0.63 

0.08 

0.01 

0.02 

1.01 

0.75 

3.72 

0.44 

0.86 

0.81 

0.81 

0.39 

a55 

0.07 

0.98 

0.71 

L58 


h' 

•: 

£ 

i» 

£ 

1 

a 

V 

0.81 

0.83 

0.85 

6.86 

6.02 

6.21 

0.60 

0.71 

0.74 

0.02 

0.02 

0.02 

0.65 

0.06 

0.09 

0.72 

0.74 

0.77 

0.84 

0.86 

0.89 

0.65 

0.66 

0.69 

L74 

L78 

L78 

4.50 

4.68 

4.84 

L18 

L20 

L24 

0.02 

0.02 

n.02 

0.79 

0.80 

0.84 

6.11 

6.26 

6.60 

0.89 

0.92 

0.96 

0.09 

0.71 

0.74 

2.05 

2.63 

2.74 

0.70 

0.72 

0.75 

0.69 

0.71 

0.74 

0.80 

0.81 

0.83 

4.68 

4.77 

4.86 

0.07 

0.07 

0.07 

3.66 

3.74 

8.86 

o.n 

0.73 

0.76 

0  66 

0.67 

0.70 

1.48 

L51 

1.58 

4.80 

4.90 

6.10 

2.85 

2.92 

2.98 

L59 

1.62 

L69 

2.8'! 

2.91 

2.96 

1.98 

2.05 

2.14 

1.90 

L95 

2.01 

3.12 

8.24 

3.32 

4.70 

4. 85 

4.90 

2.60 

2.79 

2. 93 

0.56 

0.57 

0.50 

4.60 

4.70 

4.84 

1.27 

1.30 

1.36 

2.47 

2.50 

2.67 

0.01 

0.01 

0.01 

2.22 

2.30 

2.38 

8.27 

3.37 

3.41 

3.61 

3.70 

3.K2 

1.22 

1.26 

LSI 

L81 

L90 

1.97 

2.96 

3.03 

3.12 

6.47 

0.61 

6.77 

1.74 

1.76 

1.82 

0.04 

0.C4 

0.04 

0.66 

0.67 

0.70 

0.02 

0.02 

0.02 

O.06 

0.05 

0.05 

4.17 

4.90 

4.38 

LOO 

LOO 

1.04 

1.88 

L43 

1.48 

0.78 

0.80 

0.84 

O.03 

0.03 

0.03 

L14 

1.17 

1.22 

O.04 

0.04 

0.06 

0.65 

0.67 

0.09 

0(13 

0.08 

0.03 

0,01 

0.01 

0.01 

0.02 

0.02 

0.02 

1.02 

1.04 

l.W 

0.77 

0.7^1 

0.82 

8.77 

8.85 

4.00 

0.44 

0.45 

0.46 

0.88 

0.90 

0.94 

0.83 

0.85 

0.87 

0.31 

0.32 

0.83 

0.89 

0.40 

0.40 

0.55 

0.57 

0.60 

0.68 

0.60 

0.72 

LOO 

LOS 

1.07 

0.72 

0.74 

0.77 

L64 

LOO 

L7S 

0.86 
6.28 
0.76 
0.02 
0.70 
0.79 
0.91 
0.71 
L83 
4.90 
1.24 
0.02 
0.86 
6.62 
0.98 
0.76 
2.80 
0.77 
0.77 
0.84 
4.92 
0.07 
3.86 
0.77 
0.72 
1.59 
5.06 
3.08 
1.76 
3.00 
2.24 
2.02 
3.40 
4.94 
2.96 
0.60 
4.88 
1.37 
2.70 
0.01 
2.38 
8.46 
8.83 
1.33 
2.06 
3.14 
0.79 
L82 
0.04 
0.71 
0.02 
0.06 
4.38 
1.08 
L54 
0.86 
0.03 
L24 
0.06 
0.71 
0.08 
0.01 
0.02 
1.08 
0.H6 
4.00 
0.46 
0.96 
0.88 
0.38 
0.40 
0.60 
0.78 
LIO 
0.78 
L74 
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Monthly  coiitiantafor  the  reducHan  to  tea-level,  <fte. — ContiimedL 


Station. 


Memphis,  Tenn  «..» 

Milwaukee,  Wis.^ ..... 

Mobilo,  AiiL...... ......MM*........... 

Monteomery,  Ala^.^ 

Moor  head,  Minn  mm~.m 

Morgantown,  W.  Va 

Mount  WashiDKton,  N.  H.... 

NaahviUe,  Tenn 

Navasea  Island,  W.  L.. .... 

New  Haven,  Conn  ...... 

Mew  London,  Conn. 

New  Orleans,  Ia. 

Newport,  R.  1 

New  Shorehaui,  R.  I 

New  York,  N.  x  ............m.... 

Norfolk,  Va 

North  PlaUe,  Nebr. 

Olympia.  Wash ^ 

Omaha,  Nebr..~. 

Oswego,  N.  Y 

Palestine,  Tex... 

Pensaoola,  Fla 

Philadelphia,  Pa 

PhoBnix,  Ariz 

Pike's  Peak,  Colo.. 

Pioche,  Nev........... 

Pittsburgh,  Pa 

Port  Eads,  La 

Port  Huron,  Mioh... 

Portland,  Me. 

I*ortland,  Oreg.....M 

Punta,  Rosea,  Fla. 

Red  BluiT.  Oal ... 

Rio  Grande  Ci^,  Tex . 

Roseburgh,  Ores.... 

Saoramento,  Oaf. 

Saint  Louis,  Mo 

Saint  Paul,  Minn 

Saint  Thomas,  W.  I 

Saint  Vincent,  Minn 

Salt  Lake  City,  Utah 

San  Antonio,  Tex 

San  Dieffo,  Oal 

Sandusky,  Ohio 

Sandy  Hook,  N.  J 

San  Francisco,  Cat. 

Santa  F«,  N.  Mex 

Santiago  de  Cuba,  W.I 

Savannah,  La 

Shreveport,  La. . .^ 

Silver  City.  N.  Mey ..—,...«. 

Ditka,  Alaslra..... 

Smithvllle,  N.  C .... 

Spokane  Falls,  Wash. ^^ 

Springfield,  111 

l^ringfleld,  Mass 

Mpringfleld ,  Mo. .................... 

Thatoher*s  Island,  Mass. 

Toledo,  Ohio................... 

A  ueson,  A na. ..i ■  >..■■■ .............. 

Umatilla,  Oreg...... .. 

Vioksburgh,  Miss. 

Visalia,  Oal 

Washington,  D.  C........... 

West  Las  Animas,  Colo... 

Williamsport,  Pa. 

Wilmington,  N.C ......... 

Winnemuoca,  Nev............ 

Wood's  Hell,  Mass. . 

Yuma,  Ariz. 


Reduction  constant  for  each  month. 


« 

• 

.  • 

i 

i; 

i 

1 

4) 
fa 

« 

• 

1 

•< 

• 

1 

• 

fl 

B 

• 

>> 

5 

1 

9 
< 

a 

1 

I 

•■• 

0.36 

as6 

0.39 

a34 

0.38 

a33 

0.33 

0.33 

0.34 

0.84 

0.35 

0.86 

0.80 

0.80 

0.79 

0.77 

0.74 

0.74 

0.73 

0.73 

0.74 

a  76 

0.79 

0.81 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.&1 

0.24 

0.24 

0.24 

0.28 

0.23 

0.23 

0.22 

0.28 

0.28 

0.28 

0.24 

0.24 

LU 

1.10 

LOS 

LQ8 

0.98 

o.y7 

0.96 

0.97 

0.09 

L02 

LOO 

LU 

1.00 

1.07 

L06 

L04 

LOI 

LOO 

LOO 

LOO 

LOO 

LOS 

LOO 

L07 

6.68 

6.62 

6.52 

6.41 

6.18 

6.12 

6.07 

6.08 

6.15 

6.84 

6.56 

6.68 

0.56 

0.66 

0.56 

0.54 

0.98 

0.62 

0.52 

0.62 

0.53 

a54 

0.56 

0,57 

O.OB 

0.06 

0.08 

0.08 

0.08 

0.06 

0.08 

0.08 

0.08 

0.06 

0.08 

0.08 

0.13 

0.12 

0.12 

0.12 

ai3 

0.11 

0.U 

0.11 

0.11 

0.12 

0.12 

0.12 

0.05 

0.05 

0.06 

0.05 

0.06 

0.06 

0.06 

0.05 

0.06 

0.05 

0.05 

0.C6 

0.06 

0.06 

0.06 

0.06 

ao9 

0.05 

0.06 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.05 

0.05 

O.06 

0.05 

0.06 

0.05 

0.05 

0.05 

0.05 

0.06 

0.(0 

O.OS 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.03 

0.08 

0.03 

0.03 

0.10 

0.19 

0.18 

0.18 

0.18 

0.17 

0.17 

0.17 

0.17 

0.18 

0.18 

0.19 

0.03 

0.08 

O.08 

0.(B 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.03 

0.08 

3.12 

8.10 

3.06 

2.96 

2.87 

2.80 

2.80 

2.80 

2.88 

2.96 

3.08 

3.16 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

ao4 

0.01 

0.04 

1.27 

1.27 

L25 

1.21 

L16 

L14 

L18 

L14 

L17 

L20 

L24 

1.129 

0.35 

0.35 

0.34 

0.34 

0.88 

0.32 

0.33 

0.32 

0.32 

0.33 

0.84 

0.36 

0.S6 

0.56 

0.56 

0.54 

0.53 

a52 

0.62 

0.52 

0.53 

0.54 

0.55 

0.66 

0.08 

0.08 

0.06 

0.08 

0.08 

0.08 

0.08 

0.08 

0.03 

0.08 

0.03 

0.08 

0.06 

0.06 

0.06 

0.06 

0.05 

0.05 

0.06 

0.05 

0.06 

0.06 

0.06 

0.06 

1.20 

1.30 

1.20 

1.15 

LIS 

1.10 

LIO 

1.10 

L14 

L15 

L30 

L22 

12.70 

12.72 

12.59 

12.28 

12.06 

n.82 

11.78 

U.79 

ILOS 

12.28 

12.66 

12.06 

6.20 

6.16 

6.14 

5.99 

5.92 

5.80 

5.73 

5.70 

5.78 

5.92 

6.14 

6.17 

0.85 

0.86 

0.85 

0.83 

0.80 

0.79 

0.79 

0.79 

0.79 

0.82 

0.85 

0.86 

0.01 

O.OI 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.78 

0.73 

0.72 

0.70 

0.68 

0.67 

0.66 

0.66 

0.67 

0.60 

0.72 

0.73 

0.05 

0.05 

0.06 

0.05 

0.05 

0.05 

0.06 

0.05 

0.05 

0.05 

0.06 

0.06 
0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

5.38 

5.36 

5.34 

5.22 

5.10 

6.03 

4.99 

4.98 

5.10 

6.10 

5.34 

5.37 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.38 

0.38 

0.38 

0.37 

0.37 

0.36 

0.36 

0.36 

0.36 

0.37 

0.38 

0.38 

0.25 

0.25 

0.24 

0.24 

0.24 

0.23 

0.23 

0.24 

0.24 

0.24 

0.25 

0.25 

0.71 

0.71 

0.70 

0.09 

0.66 

0.65 

0.65 

0.65 

0.65 

0.67 

0.70 

0.71 

a67 

0.67 

0.56 

0.56 

0.65 

0.55 

0.54 

0.54 

0.55 

0.56 

0.57 

0.87 

ao6 

0.08 

O.08 

0.08 

O.OB 

0.07 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.64 

0.64 

0.63 

0.61 

0.50 

0.50 

0.58 

0.58 

0.59 

0.60 

0.63 

0.66 

0.95 

0.94 

0.93 

0.89 

0.85 

0.85 

0.84 

0.84 

0.86 

0.88 

0.92 

0.96 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12     0.12 

0.96 

0.97 

0.94 

0.91 

0.86 

0.86 

0.84 

0.85 

0.87 

0.90 

0.U3 

0.09 

4. 57 

4.56 

4.58 

4.37 

4.32 

4.22 

4.18 

4.19 

4.25 

4.40 

4.57 

4.54 

0.73 

0.72 

0.71 

0.70 

0.70 

0.68 

0.68 

0.69 

0.09 

0.70 

o.n 

0.72 

0.07 

0.(»7 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

a  72 

0;72 

0.72 

0.70 

0.67 

0.67 

0.66 

0.66 

0.67 

0.69 

0.72 

0.7B 

0.04 

0.04 

0.04 

*0.04 

0.04 

ao4 

0.04 

0.04 

0.04 

0.04 

0.04 

ao4 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

.0.07 

0.D7 

0.07 

0.07 

0.07 

7.01 

7.04 

6.94 

6.72 

6.57 

6.47 

6.46 

6.45 

6.63 

6.78 

7.00 

6.96 

0.08 

0.02 

0.08 

0.02 

0.02 

0.03 

0.02 

0.03 

0.03 

0.02 

0.02 

0.08 

0.10 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.10 

0.25 

0.25 

0.25 

0.24 

0.24 

0.23 

0.23 

0.23 

0.24 

0.24 

0.25 

0.26 

5.86 

5.85 

5.78 

5.68 

5.55 

6.50 

5.46 

5.46 

5.54 

5.65 

5.84 

5.84 

0.07 

0.07 

0.07 

O.07 

0.06 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

O.09 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.03 

0.04 

0.04 

0.04 

0.04 

ao« 

2.14 

2.18 

2.18 

2.06 

2.05 

2.04 

1.98 

2.00 

2.04 

2.06 

2.08 

2.19 

0.78 

0.73 

0.72 

0.70 

0.67 

0.67 

0.66 

0.66 

0.67 

0.69 

0.72 

0.;^ 

0.14 

0.14 

0.14 

tP.13 
^.58 

0.18 

0.18 

0.13 

0.13 

0.13 

0.13 

0.14 

L14 

1.58 

1.67 

1.56 

L48 

L46 

L46 

L45 

L48 

L51 

L57 

L69 

0.06 

0.06 

0.06. 

ao5 

ao5 

ao6 

0.05 

ao5 

0.05 

0.06 

0.06 

O.09 

0.74 

0.74 

0.78 

0.71 

0.68 

a68 

0.67 

0.67 

0.68 

0.70 

0.73 

0.74 

2.50 

2.48 

2.46 

2.39 

2.34 

2.30 

2.32 

2.34 

2.38 

2.40 

2.46 

2. 69 

0.39 

0.88 

0.38 

0.87 

0.37 

0.38 

0.36 

0.86 

0.36 

0.87 

0.88 

O.S» 

1.00 

1.00 

,0.98 

0.97 

0.95 

0.94 

0.94 

0.94 

0.95 

0.97 

0.97 

LOO 

0.27 

0.27 

0.26 

0.26 

a25 

o.aft 

0.24 

a24 

0.25 

0.26 

0.27 

0.27 

0.89 

0.38 

0.38 

0.37 

0.37 

a37 

0.36 

a36 

0.37 

0.37 

0.88 

o.aa 

0.12 

0.12 

0.12 

0.12 

0.11 

0.U 

0.U 

an 

0.11 

0.12 

0.12 

ai8 

4.14 

4.13 

4.06 

3.96 

3.86 

&78 

3.76 

a75 

8.83 

a94 

4.12 

4.16 

a63 

0.63 

0.63 

0.61 

0.00 

0.60 

0.58 

0.58 

0.60 

0.60 

0.63 

0.6B 

0.06 

0.06 

0.06 

6.06 

0.06 

0.06 

0.09 

0.06 

0.05 

0.06 

0.06 

aQ6 

4.54 

4.58 

4.50 

4.40 

4.35 

4.26 

4.23 

4.23 

4.29 

4.40 

4.o3 

4.fla 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

1.42 

1.42 

1.30 

1.34 

1.28 

L28 

L27 

L27 

L29 

L83 

L38 

L48 

0.15 

0.15 

0.15 

0.15 

0.15 

0.14 

0.14     0.14 

1 

0.14 

0.16 

0.15 

0.1ft 
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List  of  sailing  vessels  received  during  the  fiscal  year  etiding  June  30,  1882. 


Name. 


Brig  Abbie  Clifford 

Schooner  Addie  Fuller 


Bark  Adelaide , 
Schooner  Ajox . 
Baric  Alpha 


Schooner  Annie  LeMris....... 

Schooner  Annie  R.  Lewis 
Ship  Annie  M.  Law 


Bark  Antioch 

S^ooner  Arthur  Burton. 
Schooner  Asa  Eldridge , 
Batk  BMsrenseren. 


Bark  Carrie  Heckle 

Bark  Celestina 

Bark  Champion 

Schooner  C.  R.  Flint 

Bark  Dom  Pedro  II 

Ship  Dora, 

Hchooner  Edith  R.  Seward... 
Ship  E.  J.  Spioer 


Name  of  captain  or 
master. 


David  W.  Storer 
Jas.  Jorgensen..., 


Bark  E.  L.  Pettengill... 

Ship  Enoch  Train. 

Ship  Frank  N.  Thayer. 

Drip:  Follia 

Bark  Freya 


Bark  Gamaliel 

BrlgOeorce. 

Bark  Cieorge  Booth.. 

Bark  (Jodofroy.; 

Barli  liatticG.  McFarland.... 
ShipIIcdwig 


Schooner  Henry  Denison. 


Bark  Horace  Seudder 

Ship  Iron  Cross 

Schooner  James  Slater , 

Schooner  Jennie  N.  Huddell 
Schooner  John  L.  Thomas. 

Brig  John  Wesley 

Bark  Jona 

Bark  Josephine 

Bark  Julia  II 

Bark  Kate  Cann 

Bark  KryoUth 


Ship  Lake  Erie 

Bark  Liberia 

Hchooner  Maggie  Abbott . 
Bark  Matilda  C.  Smith  ... 

Brig  Medina  

Ship  Minnie  H.  Gerow  .... 

Schooner  Moravian. 

Bark  New  York 


Bark  Orpheus .... 
Ship  Faramitn  ..., 
Bark  Pawashick 


Bark  Peppina. 

Bark  Pilgrim  . 
Brig  Potomac. 


Bark  Prlnseasen 


Bark  Rosebud 

Schooner  8. 1).  Hubbard, 

Bark  Spotless 

Bark  Sunl^eam 


BrigTeneriffe, 


Thos.  Bailey 

H.  C.  Northup ... 
O.  Gronn. 


J.  M.  Corson.. 

L.  L.  Lewis 

Freeman  S.  Crosby  . 

H.  J.  Hemingway 

J.  C.  Coombs. 

Geo.  H.  Booker^........ 

Jacob  Mortensen...... 


Months  for  which  reports  were  received. 


B.  F.  Woodbury 

G.  Camiglia , 

Gardiner , 

M.  B.  Cook , 

C.  £.  CofBn , 

H.  Meyer , 

Wilbur  K.  TalL. 
Geo.  D.  Spioer  ~. 


A.  J.  Pettengill. 

Henry  D.  Chapman 

Geo.  D.  Morrison .... 

G.  Gramenuda 

Blaouw 


David  J.  Anthony.... 
Wm.  H.  Champlin... 

David  Williams 

C.  H.  Sinning 

Robert  MrFarland 

Th.  Minssen 


John  Fehring , 


J.  L.  Sears 

Unknown 

James  L.  Tooker 

William  Henderson . 
James  S.  F.  Mcleod. 

John  H.  Hines 

C.  C.  Ivancich 

Charles  Brown 

Leonard  C.  Dart 

George  E.  Cann 

Adam  Smith 


Edw.  Pilchcr 

John  Peterson 

D.  C.  Mcintosh 

E.  C.  Smith 

Edwin  Grafton 

E.  D.  Lordly  

George  T.  L.  Compte. 
J.  E.  Sorensen 


G.  Meyer 

M.  A.  Humphrey 
Edwin  Fry 


Giov.  S.  d' Anoona. 


James  Connolly 
H.  E.  Klages 


T.  Andersen. 


John  Collis. 

H.  R.  Mehaffy 
C.  E.  Coffin  .... 
Joseph  Hand... 


Nathan  S.  Tracy ... 


Bark  Truro 

Schooner  Viola  Reppard 


S.  H.  Swain . 
Lewis  Ogier. 


April,  May,  and  June.  1882. 
Julv  1  to  August  15  and  December  16  to  31,  1881: 
January,  February,  March,  April,  May,  and 
June,  1882. 

February  10  to  June  12, 1882. 

April,  BOay,  and  June,  1882. 

November  10  to  December  31,  1881 ;  January, 
February,  March,  April,  May,  and  Jui^e,  18SL 

April,  May,  and  June,  1882. 

January  16  to  March  11, 1882. 

December  11  to  81,  1881 ;  January  1  to  3,  Feb- 
ruary 10  to  28.  March  1  to  17, 1882. 

February  1  to  March  2,  April  1  to  IVIay  30,  IBSL 

June  21  to  28, 1882. 

April  and  June,  1882. 

February  23  to  April  18  and  May  11  to  June  M^ 
1882. 

April  6  to  30, 1882. 

February  23  to  April  30. 1882. 

March  31  to  April  80, 1882. 

May  27  to  June  30, 1882. 

October  23. 1881,  to  January  31, 1882. 

April  9  to  30, 1882. 

May  and  June,  1882. 

December  3  to  31,  1881;  January,  FebniArj* 
March,  April,  May,  and  June.  18B2. 

December  19, 1881,  to  April  23, 1882. 

December  28, 1881,  to  May  15. 1882. 

December  1, 1881,  to  February  12, 1882. 

December  8. 1881,  to  February  7, 1882. 

October  27  to  December  31, 1881 ;  January,  Feb- 
ruary, March,  April,  May,  and  June,  1882. 

November  4, 1881,  to  February  28, 1882. 

July  1  to  December  M,  1881. 

February  1  to  March  31, 1882. 

May  17  to  June  9, 1882. 

April,  May,  and  June,  1882. 

December  25,  1881,  to  January  18;  March  U^  to 
May  5,  and  June  3  to  SO,  1882. 

October  27  to  December  28,  1881;  Febroftisr. 
March,  April,  and  May,  1882. 

May  7  to  17 :  June  3  to  14, 1882. 

July  2  to  October  31, 1881. 

May  20  to  June  24, 1882. 

June  1  to  30, 1882. 

April  3  to  June  SO,  1882. 

March,  April,  and  June,  1882. 

April  1  to  30, 1882. 

March  12  to  May  31, 1882. 

May  6  to  June  10, 1882. 

February  23  to  May  26, 1882. 

February  21  to  28;  March  1  to  25 :  April  20  to  SD, 
ond  May  1  to  27, 1882. 

April  6  to  May  1, 1882. 

March  23  to  April  25, 1882. 

I^Iarch,  Anril,  May,  and  June,  1882. 

Juno  15  to  30,  1882. 

March  29  to  May  22,  and  May  31  to  June  8,  lB8t. 

May  23  to  June  10, 1882. 

February,  March,  April,  May.  and  June,  1883. 

December  22,1881  to  January  31,  1882;  Febru- 
ary 1  to  21.  ond  April  8  to  SO,  1882. 

June  18  to  30, 1882. 

May  and  June,  1882. 

September  16  to  Octol>er  l^,  and  December  1  to 
20, 18B1 ;  February  1  to  March  8,  and  May  1ft 
to  June  9, 1882. 

December  9  to  31,  1881;  January,  February, 
March,  April,  May,  and  June,  1882. 

Januarv  8  to  April  8, 1882. 

Novem  txsr  11  to  27,  and  December  6  to  25, 1881 ; 
March  22  to  May  16,  and  June  1  to  23, 1882. 

December  19, 1881,  to  January  7, 1882 ;  May  7  lo 
31,  and  June  1  to  17, 1882. 

December  7  to  31, 1881,  May  3  to  June  80, 1882. 

February,  March,  and  April,  1882. 

March  11  to  June  24, 1882. 

July  1  to  November  6,  and  December  6  to  81, 
1881 ;  January,  February,  and  March,  1882. 

January,  February,  March.  April.  May,  and 
June,  1882. 

May  and  June,  1882. 

May  and  June,  1882. 
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JAM  of  sailing  vesaeia  received  durln'j  the  fiscal  year  ending  June  30,  1882 — Continaed. 


Name. 


Name  of  captain  or 
master. 


Months  for  which  reports  were  made. 


Baric  WanderiiiK  Jew •  A.  F.  Ulmcr June  15  to  30, 1882. 

Bark  Warden-Law ;  Thomas  Oruham June  3  to  80, 1882. 

Ship  Washinffton j  OeorgcMartin April  11  to  May  23, 18S2. 

BrigWaubun I  I.  W.  Covert December  1  to  81,  1881;   January,  February, 

March,  April.  May,  ond  June,  ISBH. 

Bark  Winlfktsd N.  P.  Dutton January  14  to  May  27, 1882. 

Ship  William  Woodbury |  II.  T.  Schmidt ;  February,  March,  April,  and  May,  1882. 


Total  number  of  merchant  vessels  fVom  which  simultaneous  meteorological  reports  were  received' 
at  the  office  of  the  Chief  Signal  Officer  during  the  fiscal  year  ending  June.80. 1831,  sixty-eight  (68), 
and  daring  the  fiscal  year  ending  June  80, 1882,  two  hundred  and  flity-nine  (250),  which  shows  an 
increase  of  one  hundred  and  ninety-one  (101)  vessels  during  the  past  fiscal  year. 


APPENDIX   No.  63. 

SUition$  of  the  United  States  Signal  Service. 


Stotionn. 


Albftny,  N.  Y 

Alpena,  Mich 

Atlanta,  Oa 

Atlantic  City,  N.  J ... 

Aupiflta,  Ga 

Baltimore,  Md 

Bamegat,  N.  J 

Bismarck,  Dak 

Boifl^  City,  Idaho 

Boston,  Mass 

Brackettville,  Tex 

Brownsville,  Tex 

BuflUo,  N.  Y 

BarliDgton,  Vt 

CftiroTin 

Osunpo,  Cal 

Camp  Thomas,  Arix 

Oape  Henry,  Va 

Cape  Lookout,  N.  C 

Okpe  Bnay,  N.  J.m 

OMtroville,  Tex 

Cedar  Keys,  Pla 

Champaign,  111... 

Charleston,  8.  C 

Charlotte,  N.  C 

Chattanoon,  Tenn 

CheyenneTwyo 

Chicago,  111 

Chincoteague,  Va. 

Cincinnati,  Ohio 

Cleveland,  Ohio 

Coleman  City,  Tex 

Columbus,  Ohio 

Concho,  Tex 

Conicana,  Tex 

DavenponrL  Iowa 

Dayton,  Wash 

Deadwood,  Dak 

Decatur,  Tex 

Delaware  Breakwater, 

Denison,  Tex 

Denver,  Colo 

Des  Moines,  Iowa 

Detroit,  Mich 

Dodge  City,  Kans 

Dubuque,  Iowa 

Duluth,  Minn 

Eagle  Pass,  Tex 

Bagle  Rock,  Idaho 

Eastport,  Me 

Bl  Paso,  Tex 

Erie,  Pa 

Escanaba,  Mich. 

Florence,  Aria 

Port  Apache.  Aris. 

Port  Asaloiilooine,  Mont 
Port  Bennett,  Dak 


9 


42  S9 

45  5 
83  45 
89  23 
83  28 
89  18 
89  46 

46  47 

43  87 
42  21 
29  17 
25  53 
42  53 

44  20 

87  0 
32  37 

83  4 
86  55 

84  86 

88  66 
29  25 
29  6 


40 
82 


8 
47 


85  13 


85 
41 


4 
8 


41  62 

87  56 
89  6 
41  80 
81  53 

80  68 

81  25 
32  6 
41  30 
46  19 
44  23 

88  12 


88  48 
83  48 

89  45 


9 

s 


73  45 

83  30 

84  23 

74  25 
81  54 
76  37 
74  6 

100  48 
116  8 

71  4 
100  25 

97  26 

78  53 

73  12 

89  11 

116  25 
110  2 

76  1 
76  36 

74  58 
96  50 

83  4 
88  14 

79  66 

80  51 

85  15 
104  48 

87  38 

75  23 

84  80 

81  42 
99  18 
83  0 

100  24 

96  27 

90  38 

117  56 
103  43 

97  85 


75  6 
96  32  < 
105  0 


Feet. 

75 

609 

1,131 

13 

183 

45 

20 

1,698 

2,750B 

142 
1,170B 
48 
664 

268 

877 

2,S00B 

2,710B 

16 

15 

27 

780  B 
22 
767 
52 
806 
788 
6,069 
661 
18 
620 
690 
1,709 
605 
1,900B 
448 
615 
1.660B 
4,600B 
],150B 


20 

767 

5,205 


Changes  during  1881. 


Office  moved  November  1, 1881 ;  new  heigfal,  065 
feet 


Discontinued  January  8, 1881 


41  35 

93  87 

849   i 

42  20 

83  3 

645 

37  45 

100  0 

2,512 

42  30 

90  45 

665 

46  48 

92  6 

644 

28  44 

100  29 

780B 

43  32 

111  65 

4,650 

44  54 

66  69 

61 

81  47 

106  80 

8,760B 

42  7 

80  5 

661 

45  48 

87  5 

612 

83  8  111  19 

1,480B 

88  48  109  07 

0,060B 

48  32  109  42 

2,710B 

44  43 

100  39 

1.510B 

Discontinued  December  8, 1881. 


Office  moved  October  22, 1881 ;  new  height,  1,129 
feet. 


Office  moved  June  18,  1881;  new  height,  5,294 
feet. 

Offlfe  moved  Pebruary  7, 1881 ;  new  height,  661 
feet. 
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SUUions  of  the  United  States  Sigtud  Service — Continacd. 


StatiouH. 


Fort  Denton,  Mont 

Fort  Buford,  Dak 

Fort  Cnster,  Mont 

Fort  Davis,  Tex 

Fort  Elliott,  Tex 

Fort  Gibeou,  Ind.  T.... 

Fort  Grant,  Aris 

Fort  OrifSn,  Tex 

Fort  Keogh,  Mont 

Fort  Maoon,  N.  (J 

Fort  McKavett,  Tex ... 
Fort  Missoula,  Mont... 

Fort  Shaw,  Mont 

Fort  Sill,  Ind.  T.. 

Fort  Stevenson.  Dak... 

Fort  Verde,  Arias 

Fort  Washakie,  Wyo .. 
Fredericksburgh,  Tex.. 

Gkilveston,  Tex 

Grand  Ebven,  Mich.... 

Hattcraa,  N.  C 

Helena,  Mont 

Henrietta,  Tex 

Huron,  Dak.. 

Indianapolis,  Ind 

Indianola,  Tex 

Jacksborough,  Tex ..... 

Jacksonville,  Fla 

Keokuk,  Iowa 

Key  West,  Fla 

KiUyhawk,  N.  C 

Knoxville,  Tcnn 

La  Crosse,  Wis 

La  MesUla,  N.  Mex 

Laredo,  Tex 

Leavenworth,  Kans.... 

Lewiston,  Idaho 

Little  Rock,  Ark 

Los  Angeles,  Cal 

Louisville,  Ky 

LynchbuKvh,  Va 

MiAdison,  Wis 

Marquette,  Mich 

Mason,  Tex 

Memphis,  Tenn 

Milwaukee,  Wis 

Mobile,  Ala.. 

Montsomery,  Ala 

Moorhead,  Minn 

MorR:antown,  W.  Va... 
Mt.  Wanhington,  N.  H 

Nashville,  Tenn 

New  Haven,  Conn 

New  London,  Conn 

New  Orleans,  La.. 

Newport,  R.  I 

New  Shorehara,  R.  I... 

New  York  City  

Norfolk,  Va 

North  Platte,  Nebr 

Olympia,  Wash 

Omaha,  Nebr 

Oswego,  N.  Y 

Palestine,  Tex 

Pensaoola,  Fla 

Philadelphia,  Pa 

Phcenix,  Ariz.... 

Pikers  Peak,  Colo 

Pilot  Point,  Tex.. 

Pioche,  Nev 

Pittsbureh,  Pa 

Port  Eacb,  La. 

Tort  Huron,  Mich.. 


'  &4 

ii.X    . 

a 

1 

si 

i 

i 

3 

o  / 

o  / 

Feet, 

47  60 

110  40 

2,700B 

48  0 

103  56 

1,900B 

45  42 

107  34 

3,040B 

80  38 

108  66 

4,940B 

85  90 

100  21 

2,650B 

85  60 

96  20 

640  B 

32  39 

109  iy7 

4,860B 

32  66 

99  13 

1,260B 

46  22 

106  66 

2.372 

34  42 

76  40 
100  7 

30  48 

2,240B 

46  50 

114  7 

3,140B 

47  31 

111  48 

S,650B 

34  40 

96  23 

1,200  B 

47  35 

101  28 

1,750  B 

34  33 

111  52 

106  54 

98  52 

43  1 

80  17 

1,700  B 

29  18 

94  47 

40 

43  5 

86  18 

620 

85  15 

75  40 

19 

46  34 

112  4 

4,100B 

83  46 

98  12 

980B 

44  21 

98  9 
86  8 

39  45 

746 

28  32 

96  31 

26 

33  12 

98  10 

1,120B 

30  20 

81  39 

43 

40  22 

91  26 

618 

24  84 

81  49 

27 

36  0 

75  42 

22 

35  56 

83  58 

980 

43  49 

91  15 

702 

82  16 

106  49 

3,900B 

27  31 

99  30 

460  B 

39  19 

94  58 

842 

46  27 

117  0 

780  B 

34  45 

92  13 

298 

34  3 

118  15 

371 

38  15 

85  45 

630 

87  30 

79  2 

662 

43  5 

89  24 

949 

46  34 

87  24 

673 

30  43 

99  14 

1,620B 

35  9 

90  0 

321 

43  2 

87  54 

697 

30  41 

88  2 

69 

32  23 

86  18 

219 

46  52 

96  44 

923 

39  40 

V9  60 

963 

44  16 

71  16 

6,279 

3610 

86  52 

507 

41  18 

72  56 

107 

41  21 

72  6 

47 

29  58 

90  4 

62 

41  29 

71  19 

44 

41  10 

71  33 

27 

40  43 

74  0 

164 

36  51 

76  17 

65 

41  8 

100  45 

2,841 

47  3 

122  53 

36 

41  16 

95  56 

1,113 

43  29 

.76  35 

301 

81  45 

95  40 

87  13 

80  25 

30 

39  57 

75  9 

52 

33  28 

112  0 

1.120B 

38  50 

105  2 

14,134 

33  30 

96  45 

800 

37  56 

114  26 

6,  HOB 

40  82 

80  2 

776 

29  9 

89  16 

7 

43  0 

82  26 

683 

Changes  during  188L 


Established  January  3, 1881 ;  height,  11  feet. 


No  barometer. 

Established  Dec.  1, 1881;  height,  5580  B  feet. 


Established  July  1. 1881 ;  height,  13C5  feet. 
Office  moved  April  80, 1881 ;  new  height,  753  feet. 


Office  moved  May  12, 1881 ;  new  height,  725  feel. 


Office  moved  Nov.  1, 1881 ;  new  height,  41  Awi. 


Office  moved  June  1. 1881 ;  new  height,  30  feei. 


Established  December  3, 18fa ;  height  533  feei. 


Office  moved  June  1, 1881 ;  new  height  766  feei. 


REPOBT   OF   THE   CHIEF   8IGNAL-0FFICEK. 


857 


Stations  of  the  United  States  Signal  Service — Continued. 


Station. 


Portland,  Mc 

Portland,  Orcg 

Prescott,  Ariz 

Punta  Rassa,  Fla.^ 

Red  Bluff.  Cal 

Rio  Grande  City,  Tex 

Rochester.  N.  Y 

Roseburgrh,  Oreg. 

Sacramento,  Cal 

JBaint  Louis,  Mo 

Saint  Paul,  Minn 

Saint  Vincent,  Minn 

Salt  Lake  City,  Utah 

San  Antonio,  Tex 

San  Diego,  Cal 

Sandusky,  Ohio. 

Sandy  Hook,  X.  J 

San  Francisco,  Cal 

Santa  F6,  N.  Mez 

Savannah,  Ga 

Shreveport,  La 

Silver  City,  N.  Mox 

Smithville,  N.  C 

Socorro,  N.  Mcx 

Spokane  Falls,  Wash 

Springdeld,  111 

Springfield,  Mass 

Stockton,  Tex 

Thatcher's  Island.  Mass. 

Toledo,  Ohio , 

Tucson,  Ariz , 

Umatilla,  Oreg , 

Uvalde,  Tex , 

Vicksburg,  Miss , 

Visalia,  Cal 

Washington,  D.  C 

West  Las  Animas.  Colo.. 

Wilmington,  N.  C 

Winnemucca,  Nev , 

Wood's  Holl.Mass 

Yankton,  Dak 

Yuma,  Ariz 


9i'n. 

a  J 

■ 

•s 

•s^b 

-0 

9 

1 

1 

3 

Height 
above 
Janua 

O   / 

o   / 

Feek 

43  39 

70  16 

45 

45  32 

122  40 

67 

ai33 

112  28 

6,340B 

26  36 

82  10 

IS 

40  10 

122  15 

350 

26  23 

93  48 

230B 

43  8 

77  42 

580 

43  13 

123  20 

511 

38  35 

121  3a 
90  1? 

70 

33  38 

568 

44  58 

93  3 

811 

48  56 

97  14 

804 

40  46 

11154 

4,848 

29  25 

98  25 

676 

32  43 

117  10 

67 

41-25 

82  40 

639 

40  23 

74  0 

28 

37  48 

122  28 

60 

35  41 

105  67 

7,049 

82  5 

81  6 

87 

32  30 

93  40 

227 

32  46 

108  14 

5,890B 

S3  53 

78  1 

33 

U    4 

106  55 

4,565 

47  39 

117  24 

1,910 

39  48 

89  39 

644 

42  5 

72  35 

120 

30  53 

■  102  53 

3,010B 

42  38 

70  34 

48 

41  40 

83  31 

651 

32  U 

110  53 

2,369 

45  55 

119  17 

310  B 

29  14 

99  42 

930B 

32  22 

90  50 

244 

36  20 

119  17 

•  348 

38  51 

77  2 

106 

38  4 

1C3  12 
77  57 

'  62- 

.  40  57 

117  43 

4,327 

41  3:] 

70  40 

35 

42  52 

97  20 

1,228 

32  45 

114  38 

141 

1 

Changes  during  1881. 


Offloe  moved  October  11, 1881;   new  height  021 
feet. 


OfBoe  moved  July  SO,  1881 ;  height  678  feet. 


Office  moved  January  6,  1881 ;  new  height  84 
feet.  OfBoe  moved  March  23, 1881;  new  height 
28  feet. 

Offloe  moved  July  26, 1881 ;  height  7,064  feet. 


Offloe  moved  June  1, 1871 ;  height  34  feet. 


Established  October  1. 1881 ;  height  8,906  feet. 
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Table  showing  the  colleges  and  scieniific  schools  situaie  in  towns  and  cities  where  there  are  stations 

of  the  Signal  Service,  U.  S.  Army. 


Name. 


Hpring  Hill  College 

Bftlnt  JohD's  Collie 

Sacred  Heart  College 

tiaini  Ignatius  College 

Saint  Mary's  College 

Colorado  College* 

Mining  Institute 

Yale  College* 

Sheffield  Sclentiflc  School. 

Columbian  University 

(Georgetown  University. . . . 

Atlanta  University 

Clark  University 

Saint  Ignatius  College 

University  of  Chioago 

Smithson  College 


Oriswold  College 

University  of  0es  Moines 

Lelaad  University 

New  Orleans  University 

Straight  University , 

Johns  Hopkins  University* , 

IxMTola  College 

Baltimore  City  College , 

Boston  College 

Boston  Universitjr* , 

Harvard  College*.M 

Bussey  Institution 

Lawrence  Scientiflo  School 

Masaaohusetts  Institute  of  Technology*.... 

ChristiiHi  Brothers  College 

Saint  Louis  University 

Washington  University* 

Polytechnic  School  of  Washington 

Canisius  College 

College  of  City  of  New  York* 

Saint  Joseph^s  College 

Saint  Francis  Xavier's  College 

Columbia  College*... ,. 

School  of  Mines 

Manhattan  College 

University  of  City  of  New  York* 

Scientific  Department  of  New  York 

Cooper  Union  Free  Night  School  of  Sci- 
ence.* 

Uhiversity  of  Rochester t. 

Biddle  University 

Capital  University , 

Ohio  State  University 

Hebrew  Union  College 

Saint  Xavier  College 

University  of  Cincinnati* 

Toledo  University  of  Arts  and  Trades. , 

La  Salle  College 

Saint  Joseph's  College , 

University  of  Pennsylvania* 

Towne  Science  ^hool 

Polytechnic  College  of  State  of  Pennsyl- 
vania. 

Wagner  Free  Institute  of  Science 

Franklin  Institute , 

Western  University  of  Pennsylvania 

College  of  Charleston 

Central  Tennessee  CoUogt* 

Vandcrbilt  University 

Christian  Drothcrs  College 

Tennessee  Univcrf«ily , 

Saint  Joseph'f<  Collr-rr 

University  of  Sniul  Mnry*!* 

University  of  Dcseret. , 

University  of  Vermont* 

University  of  West  Virginia 

Univeroity  of  Wisconsin* , 


Location. 


Near  Mobile,  Ala 

LitUe  Rock,  Ark 

San  Francisco,  Cal 

San  Francisco,  Cal 

San  Francisco,  Cal 

Colorado  Springs,  Colo. 
Colorado  Springs,  Colo. 

New  Haven,  Conn 

New  Haven,  Conn 

Washington,  D.C 

Georgetown,  D,  C 

Atlanta,  Ga. 

Atlanta,  Ga 

Chicago,  111 

Chicago,  111 

Logan^x>rt,  Ind 

Davenport,  Iowa 

Des  Moines,  Iowa 

New  Orleans,  I^a 

New  Orleans,  La. 

New  Orleans,  La. 

Baltimore,  Md 

Baltimore,  Md 

Baltimore,  Md 

Boston,  Mass 

Boston,  Mass , 

Cambridge,  Mass. 

Jamaica  Plains,  Mass.... 

Cambridge,  Maas. 

Boston,  Mass 

Saint  Louis,  Mo 

Saint  Louis,  Mo 

Saint  Louis,  Mo 

Saint  Louis,  Mo 

Buffalo,  N.Y 

New  York  City 

Builklo,  N.  Y 

New  York  City 

New  York  City 

New  York  City 

New  York  City 

New  York-City 

New  York  City 

New  York  City 


B 

*  0 

a 

S5 


28 

3 

20 

22 

m 


2 
97 
26 
10 
17 

6 

10 

18 

8 

9 

5 

5 

5 

7 

25 
o 


"Si 

k  C 


Z 


147 

nso 

t«71 
U.^ 

M 

2» 
827 
197 

46^ 
ISL 

2& 
ISO 

e6> 

M 
20 


Rochester,  N.  Y.... 

Charlotte,  N.  0 

Columbus,  Ohio.... 
Columbus,  Ohio.... 
Cincinnati,  Ohio... 
Cincinnati,  Ohio.... 
Cincinnati,  Ohio... 

Toledo,  Ohio 

Philadelphia,  Pa.. 
Philadelphia,  Pa... 
Philadelphia,  Pa... 
Phihidelphia,  Pa.. 
Philadelphia,  ~ 


Philadelphia,  Pa. 

Philadelphia,  Pa. 

PitUburgh,  Pa 

Charleston.  S.  C 

Nashville,  Tenn , 

NuKlivillc,  Tenn , 

Memphis,  Tcnn , 

Knoxville.  Tenn 

lirownsville,  Tex  .... 

Galveston,  Tex 

Salt  I^ke  City,  Utah. 

Burlington,  Vt 

Morgantown,  W.  Va. 
Madison,  Wis  ...: 


62 

7 

25 

89 

ao 

21 
21 
13 
18 
87 
16 
25 
20 
27 
44 
16 


9 
6 
6 

12 
4 

16 


15 
IS 
14 
19 
8 


16 

5 

9 

13 

11 

14 

10 

9 

5 

10 

14 

82 


1» 

93 

168 

242 

123 

20 


884 
8 

22 
264 

83 
8S0 

69 

4S 
121 


287 

479 
246 
243 
lOS 
185 


1,153 

14ft 
141 


48 
409 

ISO 
166 
14ft 
119 
69 

1,800 


8ft 
8ft 

ft 

180 

61 

94 

70 

t32ft 

84 

50 

281 


*  Indicates  institutions  which  give  some  attention  to  science,    f  Including  inferior  grades. 
jYote.— The  above  list  is  arranged  alphabetically  according  to  States. 
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SCIENTIFIC  OUTFIT  OF  THE  INTERNATIONAL  POLAR  STATIONS. 

Lady  Fbankun  Bay. 

[Latitude  OP  4ff  north ;  longitude  M<>  W  WMi.] 

12  exposed  thermometers,  mercurial. 
12  exposed  thermometers,  alcohol. 
12  minima  thermometers,  mercurial. 
12  minima  thermometers,  spirit. 
12  TnnTimn.  thermometers,  mercurial. 
12  maxima  thermometers,  spirit. 

6  maxima  thermometers,  radiation. 

6  minima  thermometers,  radiation. 

6  wet-bulb  thermometers,  mercurial. 

6  wet-bulb  thermometers,  spirit 

6  water  thennometers  and  caaes. 

6  attached  thermometers  for  barometers. 

2  Casella-Miller  thermometers  for  deep-sea  temperatimB. 

2  thennometers  and  ftames  for  8ur£BK)&-water  temperatOM. 

2  peychrometera  complete. 

2  hair-hygrometers,  Klinkerfues. 

1  dew-point  apparatus,  Regnault. 
4  barometers,  mercurial,  Green. 

2  barometers,  mereurial,  marine. 

6  barometers,  aneroid.  * 

1  barometer,  Goldschmidt's  aneroid. 

1  barometer,  Beck's  self^'registering  aneroid,  md  supply  of  oheeti  ibr  reooid* 
12  barometer  tubes. 
20  lbs.  of  pure  mercuiy. 

6  anemometers. 

1  aneuMyineter,  self-registering. 

2  telescopic  rods  for  anemometers. 
6  sets  of  anemometer  spindles. 

2  anemometer  registers,  double. 
6  sets  of  anemometer  cups. 

1  wind-vane,  large  size. 

3  wind- vanes,  small  size. 

1  electrical  attachment  for  wind-vane. 
6  rain-gauges. 

1  astronomical  transit. 

4  mean-time  chronometers. 

2  sidereal  chronometers. 
1  pocket  chronometer. 

1  instrument  shelter,  wooden. 

1  instrument  shelter,  galvanized  iron. 

1  Fauth  magnetometer  with  extra  magnete  Ibr  oblwrving  borijKmtiJ  force  and  dtmlina- 

tion. 
1  Casella  altazimuth. . 
1  Kew  dip-circle. 

1  engineer's  transit,  Buff  &  Berger. 

2  pocket  sextants. 

2  Grugan's  heliostats. 

4  prismatic  compasses. 

1  artificial  horizon. 

1  set  of  drawing  instruments. 

1  electroscope. 

1  Thompson's  orograph  as  used  in  geological  vaawej, 

4  automatic  faaad-lomps. 
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1  collection  of  tools  for  lathe. 

1  steam-laonch,  bailt  by  the  Navy  Department. 

1  list  of  occnltations  agreed  npon  by  several  observatories  as  subjects  of  mutaal 

observations  for  longitude. 
1  lot  of  cans  and  auxiliary  conveniences  for  collecting  objects  of  natural  history. 
1  supply  of  blank  star-charts  for  observations  of  meteors,  auroras,  &c. 


Point  Babbow. 

[Latitude  71<>  27'  north;  loii«itade  ISeP  W  WMi.] 

12  mercurial  thermometers.  i 

12  spirit  thermometers. 

6  mercurial  thermometers  maxima. 

6  spirit  thermometers,  minima. 

6  water  thermometers  and  cases  for  surface  temperatures. 

3  pairs  of  solar  radiation  thermometers;  black  and  ordinaiy  both  in  vacuo  (the 
Marie  Davy  coiyugate  thermometers). 

3  pairs  of  terrestrial  radiation  thermometers,  alcohol. 

4  psychrometers,  complete. 

2  thermometers  for  deep-sea  temperatures. 

6  special  thermometers  for  measuring  low  temperatures.  These  were  made  by  the 
Yale  College  thermometric  bureau  and  were  filled  witii  alcohol,  carbon  disul- 
phide  and  ethyl-oxide.  Others  made  in  precisely  the  same  manner  were  retained 
by  that  bureau  for  investigation. 

6  extra  attached  thermometers  for  barometers. 

1  dew-i)oint  apparatus,  Regnault. 

,  1  instrument  shelter,  open  wooden  louvre  work. 
.    1  instrument  shelter,  open  louvre  work  of  galvanized  iron. 
4  mercurial  barometers.  Green. 

2  mercurial  barometers,  marine. 

3  aneroid  barometers,  by  N^retti  and  Zambia  and  Caaella. 
6  empty  tubes  for  barometers. 

20  pounds  pure  distilled  mercury. 

4  rain-gauges,  with  sticks  for  measuring. 

2  self-registering  anemometers  and  vanes  complete,  Signal  Service  pattern. 

4  Robinson  anemometers. 

4  sets  of  arms  and  cups  to  replace  breakages. 

2  vanes.  ^ 
10  eagle  cells  for  battery,  and  supplies  for  three  years. 

1, 000  yards  of  insulated  wire  for  battery. 

100  vacuum  tubes  for  sealing  up  specimens  of  air  (derived  by  Professor  Morley,  of 
Cleveland,  Ohio).  • 

1  blow-pipe  and  alcohol  lamp  for  sealing  up  tubes. 

1  complete  self-registering  tidal  api>aratus  (supplied  by  the  U.  S.  Coast  Survey). 

1  Brooks's  difi'erential  apparatus  complete,  three  magnets,  &c.,  for  observing  minute 
variations  in  magnetic  declination,  horizontal  force,  and  inclination.  This  vras 
made  over  by  mechanicians  of  the  U.  S.  Coast  Survey  according  to  plans  provided 
by  Mr.  Schott,  so  as  to  allow  convenient  eye  and  ear  observations,  instead  of  the 
original  photographic  process. 

3  brick  piers  and  auxiliary  apparatus  for  the  proceeding. 

1  Fauth  magnetometer  with  attached  altazimuth  for  determining  absolute  dedina- 

tion  and  horizontal  force. 
1  Kcw  dip-circle  made  by  Casella. 
1  astronomical  transit. 

1  sextant  and  artificial  horizon. 
6  mean  time  chronometers. 

*      2  sidereal  chronometers. 

2  apothecary's  scales,  large  and  small  size. 
5, 000  yai^  of  kerite  wire. 

2  spools  of  fine  and  coarse  German  silver  insulated  wire,  with  telephones  for  obeerr- 

ing  earth  currents  according  to  the  method  of  Professor  Trowbridge. 
2  delicate  galvanometers  for  observing  earth  currents,  ordinaiy  methods. 

4  copper  plates  for  grounds. 

1  divided  steel  tape,  100  feet. 
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1  engineer's  level  and  staff. 

4  telephones. 

4  Morse  sounders. 

1  supply  of  blank  star-charts  for  observations  of  meteors,  auroroA,  &c 

1  list  of  occultations. 

Outfit  of  Lieutenant  Powell,  in  Chabob  of  the  Supply  Expedition  to  Point 

Babbow. 

In  addition  to  duplicates  of  some  of  the  apparatus  above  enumerated  the  supply  expe- 
dition was  provided  with  the  following  in  order  to  make  its  own  special  observations : 

1  sextant. 

4  marine  chronometers. 

1  barometer,  mercurial. 

1  barometer,  aneroid. 

4  thermometers  ibr  surface  sea- water  temperatures. 

1  psychromcter. 


San  DiegOj  Califobnia. 

[Latitude  82^  43f  north ;  longitude  U7°  Vf  wefli.] 

The  magnetic  apparatus  at  this  station  consists  of  what  is  known  as  the  Adie  self- 
xeoording  photographic  magnetic  apparatus.  The  needles  are  hollow  cylinders,  weigh- 
ing about  fifteen  grammes,  instead  of  one  or  two  pounds,  as  in  the  older  forms  of  tiie 
apparatus.    The  photographic  records  are  continuous. 
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REPORT  UPON   THE   BALLOON  ASCENSION   MADE   FROM   MINNEAPOLIS. 
MINN.,  SEPTEMBER  12,  1881,  BY  WINSLOW  UPTON. 

INTEODUCTION. 

The  balloon  voyage  ander  the  management  of  Prof.  Samuel  A.  King,  which  was  to 
l}e  made  from  Minneapolis  in  September,  1881,  and  for  which  extensive  preparations  had 
been  made,  was  but  partially  successful  for  reasons  explained  in  the  accompany iug  pages. 
As  the  observations  made  were  few  the  report  of  the  expedition  consists  mainly  of  a 
brief  narrative  and  of  a  statement  of  the  scientific  objects  of  the  voyage  and  the  prepar- 
ations therefor.  A  detailed  statement  of  the  latter  is  given  for  possible  future  reference. 
The  report  contains  also  a  discussion  of  the  hourly  observations  made  at  various  Signal 
i^crvice  stations  in  connection  with  those  proposed  for  the  balloon  voyage. 

I. — Naerativk. 

In  August,  1881,  the  Chief  Signal  Officer  was  informed  that  a  balloon  ascension  was 
to  be  msMle  from  Minneapolis,  Minn.,  on  or  about  September  7,  1881,  by  Prof.  Samuel 
A.  King,  and  was  invited  to  send  an  observer.  The  voyage  as  planned  offered  an  una- 
avLBl  opportunity  for  making  observations  in  the  air,  and  accordingly  elaborate  prepara- 
tions were  made  to  secure  valuable  results.  In  response  to  an  offer  of  my  services  on 
this  occasion,  the  Chief  Signal  Officer  issued  the  following  instructions: . 

War  Depabtmbnt, 
Office  of  the  Chief  Signal  Officer, 
Waahinffton,  D.  C,  Aug.  29,  1881. 

Sir:  The  Chief  Signal  Officer  directs  that  you  proceed  from  this  city  to  Minneapolis, 
Minn.,  and  make  a  balloon  voyage  with  Prof.  Samuel  A.  King,  on  or  about  September 
7,  proximo.  You  will  be  furnished  with  the  necessary  outfit,  and  make  the  observations 
specified  in  the  accompanying  memorandum. 

On  your  arrival  at  Saint  Paul,  Minn.,  previous  to  the  ascent,  you  will  compare  your 
instruments  with  those  at  the  United  States  signal  office  in  that  city,  and  after  the 
descent  you  will  make  a  similar  comi>arison  at  the  Signal  Service  station  most  conveni- 
«nt  to  the  place  of  landing. 

During  the  voyage  you  will  give  special  attention  to  the  direction  and  velocity  of  air 
currents,  and  to  the  distribution  of  temperature  and  moisture. 

After  having  complied  with  the  above  instructions  you  will  immediately  return  to  thi:» 
city,  and  submit  in  writing  to  the  Chief  Signal  Officer,  a  toll  report  of  your  voyage. 
I  am,  very  respectfully,  your  obedient  servant, 

JAMES  ALLEN, 
Fir§t  Lieutenant^  2hd   Cavalry,  A.  S,  0. 
Mr.  WiNSLOW  Upton, 

Computer,  0,  C.  5.  0. 

MEMORANDUM. 

A.— Outfit. 

1.  Two  aneroid  barometers. 

2.  One  Signal  Service  mercurial  thermometer. 

3.  One  minimum  spirit  thermometer. 

4.  One  Hegnault's  dew-point  apparatus,  with  two  extra  thermometers,  one  of  which  to 

be  used  as  a  wet-bulb, 
i).  One  pair  of  coi\jugate  thermometers. 

6.  One  Casella  air  meter. 

7.  One  pocket  compass. 

8.  One  sextant  and  artificial  horizon. 

5.  One  pocket  chronometer. 
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B. — Observations. 

A  series  of  observatians  will  be  made  as  frequently  as  possible  of  the  aneroid  barom- 
eters, exposed  thermometer,  dew-point  apparatus,  wet-bnlb  thermometer,  coi\jngate 
thermometer,  air-meter,  and  of  vertical  currents  by  means  of  a  &n  fastened  to  the  car  or 
held  in  the  hand.  .  . 

Special  observations  are  to  be  made  at  the  successive  maximum  and  minimum  altitudes 
of  the  voyage.  If  the  balloon  is  above  the  clouds  for  any  length  of*  time,  attempts  will 
be  made  to  determine  the  location  of  the  balloon  with  the  sextant.  When  the  balloon 
is  below  the  clouds,  frequent  records  will  be  made  of  the  location  of  the  balloon  upon  the 
map,  the  times  of  observations  being  noted.  Miscellaneous  phenomena  are  to  be  recorded 
as  occasion  offers. 


In  obedience  to  these  instructions,  after  first  conferring  with  Professor  King  in  Phila- 
delphia, I  left  Washington,  August  31,  and  arrived  at  Minneapolis  on  September  5,  hav- 
ing stopped  at  New  York  and  Saint  Paul  to  complete  preparations  for  the  trip.  The 
ascension  had  been  announced  for  the  7th,  in  connection  with  the  exercises  of  the  expo- 
sition held  under  the  auspices  of  the  Minnesota  Agricultural  and  Mechanical  Association 
September  5-9.  Professor  King  and  the  five  journalists  of  the  party  were  all  on  hand 
when  I  arrived,  and  the  ascension  could  have  been  made  on  the  day  first  appointed,  but 
rain,  which  accompanied  a  high  pressure  and  a  great  fall  of  temperature,  interfered  with 
all  the  exercises  of  the  exposition,  and  the  ascension  was  postponed  by  the  managers  to 
the  9th,  then  to  the  10th,  and  again  to  the  12th.  The  wind  was  especially  favorable  on 
the  10th,  and  great  disappointmoit  was  felt  by  the  balloon  party  at  the  last  postpone- 
ment. 

As  the  expedition  was  not  planned  directly  for  scientific  purposes,  and  the  Signal  office 
representative  was  a  member  of  the  party  wholly  through  the  courtesy  of  Professor 
King,  it  may  be  well  to  state  the  proposed  objects  of  the  voyage  as  planned  by  him. 
These  were: 

1.  To  show  that  a  balloon  can  be  constructed  of  such  a  material  as  to  retain  gas  for 
many  days,  the  material  being  light  and  strong. 

2.  To  prove  that  a  long  voyage  or  a  continuous  series  of  short  voyages  is  possible.  It 
was  determined  to  travel  only  in  an  easterly  direction,  and  if  tlie  winds  were  unfavor- 
able to  descend  and  await  a  &vorable  wind  before  continuing  the  voyage. 

3.  To  gain  experience  in  the  management  of  a  large  balloon  at  low  altitudes,  prepara- 
tory to  attempting  at  some  future  time  a  voyage  across  the  Atlantic  if  the  first  two  con- 
ditions justify  the  attempt. 

Professor  King  had  no  intention  of  visiting  the  higher  regions  of  the  atmosphere  in 
order  to  investigate  the  existence  of  an  easterly  current  Indeed,  the  olrjects  above  given 
required  that  care  should  be  exercised  not  to  lose  gas  unnecessarily.  At  the  inflation 
the  balloon  must  be  filled  nearly  fall,  and  during  the  early  stages  of  the  voyage  must  be 
kept  near  the  ground.  Later,  after  much  of  the  gas  has  eecaj^  by  leakage  and  by  the 
constant  fluctuations  of  the  voyage,  a  greater  altitude  would  be  possible  without  detri- 
ment. The  possibility  of  a  voyage  across  the  Atlantic  on  this  plan  depends  upon  the 
general  easterly  movement  of  the  lower  atmosphere. 

In  furtherance  of  these  objects  Professor  King  constructed  his  balloon  of  a  special  rub- 
ber cloth,  his  own  invention.  It  was  light,  but  extremely  strong,  as  the  residt  showed. 
The  diameter  of  the  balloon,  when  inflated,  was  about  60  feet,  its  cubic  capacity  above 
90,000  feet,  and  its  height  fh>m  the  base  of  the  car  to  the  top  of  the  envelope  about  90 
feet  Since  hydrogen  was  used  in  the  inflation  the  lifting  power  was  above  6,000  pounds, 
and  was  on  this  expedition  divided  as  follows:  Weight  of  balloon,  car,  and  equipment, 
about  2,000  pounds;  seven  passengers,  1,100  pounds;  stores,  clothing,  instruments,  &c, 
900  pounds;  sand  ballast,  2,000  pounds. 

The  valve  in  the  top  of  the  envelope  was  3  feet  in  diameter,  and  weighed  about  50 
pounds.  A  collapsing  cord  was  also  sewed  into  the  envelope,  by  which  a  rent  could  be 
made  in  one  of  the  gores,  if  for  any  reason  it  might  be  necessary  to  release  the  gas  sud- 
denly. Commissary  stores  sufficient  for  two  weeks  were  provided,  and  the  balloon  equip- 
ment included  two  drag-rop^  four  anchors,  besides  the  lioge  amount  of  sand  ballast  given 
Above.  As  it  was  possible  the  route  might  lie  in  the  vicinity  of  the  lakes,  a  life-preserver 
made  of  cans  hermetically  sealed  and  with  an  estimated  sustaining  power  of  1,000  pounds 
was  secured  beneath  the  car,  and  each  member  of  the  i>arty  suppSed  himself  with  a  life- 
preserver.  The  gas  was  generated  in  large  tanks,  was  purified  by  passing  through  water, 
and  required  the  expenditure  of  24,000  pounds  of  sulphuric  acid  and  a  like  amount  of 
iron.  The  car  was  of  willow,  of  dimensions  6  by  5  feet,  but  had  been  drawn  out  ot 
shape  by  previ^iis  use.  It  was  of  great  durability,  and  was  secured  to  the  netting  by  a 
double  set  of  lopes.    Both  of  these  sets  of  ropes  were  woven  into  the  firame  of  the  car 
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"when  it  was  oonstmcted,  and  their  upper  ends  were  secured  to  the  two  iron  eonoentratiii^ 
lings  which  received  the  lower  ends  of  the  netting  ropes. 

The  inflation  was  hegnn  on  the  morning  of  the  12th  and  completed  early  in  the  after- 
noon. The  lahor  of  securing  the  car  and  of  stowing  away  the  loggage,  the  greater  part 
of  which  was  fastened  to  the  npper  of  the  concentrating  rings,  occupied  severoJ  hours. 
I  had  telegraphed  .the  hour  of  starting  as  6  p.  m.,  Washington  time.  At  this  hour  we 
were  nearly  ready,  and  I  placed  my  instruments  temporarily  in  position  on  the  ground 
near  the  balloon  and  made  the  observations.  The  ascension  was  made  at  6.43,  and  was 
veiy  successfully  accomplished.  The  balloon  rose  slowly,  without  the  slightest  jar  or 
irregularity  of  motion,  and  moved  under  the  influence  of  a  light  wind  towai^s  the  south- 
east. As  the  linal  preparations  had  been  hurriedly  made  the  contents  of  the  car  were 
not  well  arninge<l.  One  end  of  the  car  had  been  assigned  to  me»  and  the  projecting  shelf 
upon  which  the  instruments  were  to  be  placed  had  been  secured  in  position  just  before 
the  start.  The  electric  lamp,  with  its  battery,  occupied  the  seat ;  the  wooden  box  con- 
taining the  sextant  and  miscellaneous  articles  was  in  the  body  of  the  car,  with  the  Ims- 
ket  of  instruments  near  by.  As  soon  as  we  had  attained  an  elevation  of  a  few  hundred 
feet,  I  placed  on  the  shelf  the  Pike  aneroid  and  began  to  arrange  for  the  other  instru- 
ments. But  at  this  j  oncture  a  shower-bath  of  a  sticky  black  fluid,  consisting  of  glue  and 
glyceiine,  with  which  the  interior  of  the  balloon  had  been  coated,  descended  upon  us 
and  prevented  my  opening  the  basket  for  the  time.  I  was  thus  unable  to  make  the  7 
o'clock  observations.  At  about  7  the  balloon  reached  its  highest  all  itude,  2,600  feet» 
when  Professor  King  released  a  little  gas  to  check  the  ascent.  At  7.03  the  Mississippi 
was  crossed,  the  balloon  moving  slowly  and  at  the  same  time  descending.  Though  the 
dripping  of  the  fluid  was  still  very  annoying,  I  took  from  the  basket  the  air-meter  and 
was  adjusting  it  to  the  shelf  when  I  observed  that  the  balloon  was  rapidly  descending 
towards  the  tree  tops.  On  account  of  a  failure  to  pour  out  sand  i  n  time  the  balloon  struck  a 
tree,  and  my  projecting  shelf,  wliich  contained  the  brass  bases  of  the  supports  for  the  dew- 
point  apparatus  and  conjugate  thermometers  and  the  mounting  of  the  air-meter,  was 
carried  away.  I  saved  the  barometer,  which  was  the  only  instrument  on  the  shelf, 
though  it  received  some  jarring.  The  balloon  immediately  rose  from  the  tree  and  the 
the  rest  of  the  voyage  was  without  special  interest.  We  arranged  our  luggage  in  more 
convenient  shape,  and  I  determined  to  make  a  new  shelf  from  the  cover  of  the  box  in 
which  some  of  the  instruments  were  carried,  as  1  had  a  few  tools  with  me.  The  wind 
died  down  completely  at  sunset,  and  the  balloon  remained  nearly  stationary,  with  the 
end  of  the  drag  rope,  350  feet  long,  resting  on  the  ground.  At  8  o'clock  1  attached  a 
thermometer  to  one  of  the  ropes  of  the  balloon  and  read  it  and  the  Pike  aneroid  for  the 
observation  at  that  hour.  It  was  then  decided  to  descend  and  wait  for  a  favoring  wind. 
We  were  pulled  to  the  ground  by  several  men,  the  car  was  loaded  with  stones  and 
anchored,  and  we  jiaased  the  night  on  the  premises  of  Mr.  Rudolph  Knapheide,  Ke8er\'e 
Township,  Ramsey  County,  Minnesota,  four  miles  from  Saint  Paul.  We  had  journeyed 
about  4  to  6  miles  from  the  fairgrounds.  During  the  night  a  magnificent  display  of  aurora 
borealis  was  observed,  which  is  specially  described  in  ^  III,  4.  I  devoted  the  portion  of 
the  night  assigned  me  for  watch  duty  to  making  a  new  shelf  for  the  instruments. 

The  morning  of  the  13th  brought  a  wind  from  the  southwest,  and  as  this  would  not 
convey  us  in  a  desirable  direction,  a  second  start  was  nbt  made.  I  succeeded  in  finding 
the  projecting  shelf  which  had  been  carried  away,  and  readily  repaired  the  slight  damr 
age  to  it.  The  wind  rose  very  high,  at  4.40  p.  m.  the  air-meter  held  in  the  hand  indi- 
cating 963  feet  a  minute,  or  11  miles  an  hour.  The  balloon  was  nearly  carried  away  in 
this  gale,  and  from  the  continual  beating  had  lost  about  10  per  cent,  of  its  gas  by  the 
morning  of  the  14th,  when  rain  began  to  fidl.  I>aring  the  14th  the  barometer,  whid& 
had  been  continually  filing,  became  stationary,  and  the  wind  shitted  through  the  west 
to  the  northwests  The  continuation  of  the  voyage  was  at  onoe  planned,  but  the  aeronaut 
decided  to  wait  a  few  hours,  since  the  upper  clouds,  which  were  still  moving  fh>m  the 
southwest,  showed  that  the  strata  in  which  the  northwest  wind  prevailed  were  too 
limited  to  admit  of  safely  guiding  so  large  a  balloon  in  a  strong  wind.  Rapidly  moving 
scuds  soon  after  heralded  a  continuation  of  the  storm,  the  wind  again  increased  to  a  gale, 
and  night  came  on  with  a  diminished  prospect  of  our  renewing  the  journey.  The  secur- 
ing of  the  balloon  required  constant  attention,  and  the  two  iron  rings,  which  received 
all  the  strain,  were  both  broken  at  their  welding  points,  while  the  ha&et  was  wrenched 
out  of  shape,  badly  chafed  on  the  ground,  and  many  of  the  ropes  weakened.  The  en- 
velope, however,  showed  no  signs  of  a  rent,  fully  justifying  the  opinion  which  Professor 
King  entertained  of  its  strengtii.  But  the  continual  beating  of  the  wind  caused  it  to 
lose  much  gas  through  the  neck,  which  could  not  he  kept  tied,  and  also  through  the 
valve,  which  in  spite  of  its  springs  and  the  pressuxe  of  the  gas  was  occaaioDally  forced 
open  by  the  slashing  about  of  the  valve-rope.  By  the  morning  of  the  16th  taWj  one- 
half  of  the  gas  had  escaped.  Professor  King  then  annonnoed  that  the  expedition  must 
be  abandoned,  but  that  if  the  wind  died  down  he  should  continue  the  voyage,  either 
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alone  or  at  the  most  with  one  companion,  who  would  be  myself.  ThiB  decision  showed 
the  desiie  of  Profisesor  King  to  make  the  Toyage  of  some  scientific  Talne  if  poasible.  But 
the  wind  showed  no  signs  of  abating,  and  early  in  the  afternoon  of  the  15th  it  was  de- 
cided to  release  the  gas  still  remaining  and  land  the  balloon.  This  was  with  great  diffl- 
cdity  at  last  accomplished.  I  remained  until  the  17th  in  order  to  pack  my  instnunents 
and  to  assist  Professor  King  with  the  balloon,  when  I  secured  retnm  ttansportation  fiom 
Saint  Panl,  and  after  comparing  the  Pike  aneroid  with  the  barometer  at  the  Signal  sta- 
tion, returned  to  Washington,  arriving  on  the  19th. 

Reviewing  this  expedition  in  the  li^ht  of  its  history,  it  is  evident  that  the  preparatiionfl 
ibr  the  voyage  were  coreftilly  made,  that  Professor  King  was  eminently  sucoessftil  in  the 
construction  of  his  balloon,  and  that  the  failure  was  due  wholly  to  two  causes:  1.  The 
unfavorable  meteorological  conditions.  2.  The  xmdesirable  situation  of  Minneapolis  for 
the  place  of  starting,  ibr  a  balloon  voyage  from  this  dty  is  safe  only  in  a  southeasterly 
or  southeily  direction.  The  selection  of  a  more  southerly  point  of  departure  would 
laigely  increase  the  chances  of  success  should  a  similar  expedition  be  undertaken  in  the 
ftitnre.  A  long  voyage  or  a  series  of  short  voya^^  is  possible  under  favorable  condi- 
tions of  the  weather,  but  when  they  are  un&vorable  its  possibility  is  much  affected  and 
may  be  reduced  to  nothing,  as  in  this  instance. 

This  expedition  also  shows  that  great  confidence  should  be  placed  in  the  prudence  as 
well  as  the  skill  of  Professor  King  as  an  aeronaut.  During  the  lull  on  the  14th  it  would 
have  been  poasible  to  continue  the  journey  and  the  surface  winds  were  favorable.  But 
though  urged  to  start  by  some  of  the  party  and  by  considerations  affecting  his  reputation, 
for  the  local  press  spoke  very  harshly  of  him,  he  would  not  take  the  risk,  knowing  the 
difficulty  of  keeping  a  balloon  near  the  ground  during  a  gale  of  wind,  and  the  direction 
of  the  wind  as  shown  by  the  clouds  forbidding  the  ascent  to  a  high  altitude.  By  thiis 
prudence  he  saved  the  expedition  firom  what  might  have  been  &t^  disaster,  as  the  bal- 
loon would  almost  certainly  have  been  carried  towards  the  lakes  and  encountered  the 
severe  storm  which  raged  there  on  the  16th.  Aa  long  as  we  could  have  remained  in  the 
air  all  might  have  been  well,  but  when  the  ballast  had  been  used  up  it  would  have  been 
necessary  to  make  a  landing  wherever  we  found  ourselves.  The  danger  of  attempting  a 
lauding  under  such  circumstances  would  have  been  exceedingly  great. 

II.— Pbepasations  fob  the  Obsebyations  Contemplated. 

The  outfit  fhmished  me  has  been  given  above.  In  addition  to  the  instruments  men- 
tioned I  was  fttmished  with  the  following  articles:  Magnifying-glass,  hygrometer  brush, 
engineer's  map,  1879,  sheets  1-3,  American  Ephemeris,  1881,  £>wditch's  useful  tables, 
Chauvenet's  Astronomy,  two  cans  sulphuric  ether,  four  brass  thermometer  shelters,  bal- 
anced fkn  for  vertical  currents,  Davy  safety-lamp,  twelve  electric  lamps  from  Edison 
Hamufhcturing  Company,  one  field-glass,  one  clinical  thermometer,  loaned  by  Dr.  Will- 
iam M.  Cate  of  this  city,  record  books,  and  pencils. 

Before  leaving  Washington  I  tested  the  working  of  the  dew-point  apparatus  and  made 
some  experiments  to  determine  the  value  of  the  brass  thermometer  shelters.  These 
shelters  were  about  3  inches  cube,  the  sides  made  of  brass  louvre  work,  in  imitation  of 
^e  large  wooden  shelters  used  at  signal  stations.  The  thermometer  was  secured  by  a 
cork  inserted  in  the  top  of  the  shelter,  its  stem  prcdecting  into  the  air.  The  experiments 
made  to  determine  the  merits  of  this  method  of  exposure  were  unsatisfactory,  for  ^ey 
showed  that  heat  was  probably  radiated  from  the  brass  to  the  bulb,  since  the  thermome- 
ter read  hi^er  than  one  exposed  to  full  sunlight,  and  muc^  higher  than  the  thermome- 
ter in  the  large  station  shelter.  I  therefore  thought  it  unwise  to  trust  all  the  thermome- 
ters to  the  brass  shelters,  and  decided  upon  three  different  metiiods  of  exposure.  The 
first  was  to  sink  the  bulb  below  the  projecting  shelf  in  which  the  instruments  were  to 
be  placed,  and  to  shield  the  bulb  on  ue  outside  by  a  hanging  board  secured  to  the  outer 
edge  of  the  shelf.  The  car  itself  furnished  shelter  on  the  opposite  side,  and  the  two  ends 
through  which  alone  sunlight  could  reach  the  bulb  could  be  covered  with  a  doth  if 
desired.  The  wet  and  dry  bulbs  were  exposed  in  this  way.  A  second  dry  bidb  was 
secured  to  the  top  of  the  shelf,  its  bulb  in  a  brass  shelter  as  explained  above.  Since  a 
question  might  arise  as  to  whether  the  readings  might  not  be  i^ected  by  proximity  to 
the  car  itself,  I  procured  a  pole  6  feet  long  and  suspended  a  third  thermometer  at  its 
outer  end.  From  these  three  methods  interesting  results  were  expected,  as  the  proper 
enoeure  of  thermometers  in  a  balloon  has  not  hitherto  received  due  attention. 

The  balanced  fan  was  made  f^m  designs  by  Professor  Abbe,  and  consisted  of  a  Japan- 
ese fan  pivoted  so  as  to  remain  horizontal  when  at  rest,  and  to  rise  or  &11  with  the  ver- 
tioEd  motion  of  the  balloon.  A  littie  weight,  consisting  of  a  short  brass  rod,  was  fast- 
ened vertically  beneath  the  balancing  point,  so  that  the  angle  of  elevation  or  depression 
might  approximately  indicate  the  rapidity  with  which  the  balloon  was  falling  or  rising. 
Both  the  balanced  &n  and  the  air-meter  were  secured  to  rods  which  could  be  fiuteuM 
to  the  projecting  shel£ 
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The  Davy  lamp  was  intended  for  use  only  in  case  of  aoddent  to  tlie  electric  lamp,  or 
for  daty  near  the  halloon  when  anchored. 

lliroagh  the  kindneas  of  Profeasor  Edison  twelve  small,  pear-shaped  lamps  were  sent 
to  Minneapolis.  Mr.  Yemon  Bell,  of  Minneapolis,  electrician,  was  employed  to  fomish 
the  batteries  and  connections  for  the  lamp.  It  was  fonnd  by  experiment  that  throe 
bichromate  cells  were  all  that  the  lamp  would  stand,  a  greater  number  causinc  the  tiuAaa 
of  the  fine  platinum  wire.  But  after  the  wire  became  heated  an  increased  batteiy  waa 
needed  to  keep  the  light  £h>m  dying  down.  Accordingly  a  battery  of  five  cells  was  so 
arranged  that  any  number  of  celliB,  from  one  to  five,  could  be  employed.  A  flexible  wire 
connected  the  battoiy  with  the  lamp,  which  was  careftilly  packed  m  a  wooden  box  with 
an  opening  for  the  light.    As  thus  arranged  the  electric  lamp  gave  excellent  promise. 

On  arriving  at  Minneapolis  and  exvnining  the  car  of  the  balloon  I  determined  upon 
a  prqjecting  dielf  for  the  support  of  the  instruments,  to  be  braced  against  the  rim  of  the 
car,  and  removable  in  case  of  necessity.  A  shelf  was  accordingly  made  of  f-inch  pine^ 
3  ftet  long,  6  inches  wide.  It  was  secured  by  braces,  as  in  the  aooompaoying  aketohi 
which  gives  an  end  view  of  the  annngement. 
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The  braces  c  and  d  were  firmly  screwed  to  the 
shelf,  but  not  to  the  car,  in  order  that  the  whole 
attachment  might  be  quickly  lifted  off.  Upon  this 
shelf  the  instruments  were  arranged  as  follows: 

1  =  wet  bulb  1  Bulbs  beneath  the 

2  =  diybulbj     shelf. 

3  =  dry  bulb  in  brass  shelter. 
D  =  dew-point  apparatus,  with  7,  8, 

its  thermometers. 
9,10=  conjugate  thermometers. 

4  =  pole,  6  feet  long,  fbr  suspending 
dry-bulb  tliermometer. 

5,  6= supports  for  balanced  ian  and  air-meter,  respectively. 

A  =  Pike  aneroid  barometer. 

B  =  Hottinger  aneroid  barometer. 

All  the  instruments  could  be  easily  removed  iiom  the  shelf.  Nos.  1,  %  3,  7,  and  8 
were  kept  in  position  by  corks  inserted  in  the  shelf  and  easily  removable;  the  pole,  4,  by 
lifting  a  hook  could  be  drawn  in  and  the  thermometers  unhung,  while  the  thermomoteis, 
9  and  10,  could  be  lifted  quickly  f^m  their  supports.  The  rods,  5  and  6,  with  the  in- 
struments attached,  could  be  unhooked,  and  the  barometers,  A  and  B,  were  removable 
by  a  snap  catch. 

With  regard  to  the  preparations  described  above,  I  beg  leave  to  ofSor  the  following 
comments,  which  may  be  of  use  in  planning  some  fhture  expedition: 

The  number  of  instruments  carried  was  too  great  for  one  man  to  take  care  of  under 
the  varied  contingencies  of  a  balloon  voyage  at  vexy  low  altitudes.  Could  the  observer 
be  free  to  give  all  his  attention  to  observing  his  instruments,  with  no  thought  of  pro- 
tecting them  fVom  dancer,  he  could  without  difilculty  make  a  large  number  of  obs^v»> 
tions.  But  when  the  balloon  is  Journeying  near  the  ground  the  observer  must  be  on  the 
alert  to  save  his  instruments  firom  breakage;  and  the  continual  rising  and  fiilling  of  the 
balloon  cause  him  constant  uneasineas,  which  an  observer  on  the  ground  cannot  Bippr^ 
date.  A  very  few  instruments  is  all  he  can  manage  at  such  time,  Siou^  a  laxger  num- 
ber can  be  cared  fiyr  during  a  high  voya^. 

No  improvement  has  occurred  to  me  in  the  arrangement  of  the  instruments  on  the 
shelf  and  their  mounting  or  protection.  This  shelf,  however,  while  hardly  of  sufficient 
size  to  contain  all  the  instruments  designated,  was  too  laive  to  be  easily  managed  if 
occasion  required  its  immediate  removal,  since  the  ropes  of  the  car  would  interfere  with 
the  observer's  efibrt  to  lift  it  quickly.  A  better  arrangement  would  be  two  smaller 
shelves,  if  two  observers  are  allowed  in  the  party. 

The  coi\jugate  thermometers  taken  in  a  balloon  should  not  be  maximum  thermom- 
eters, as  in  this  instance. 

It  is  of  doubtftil  expediency  to  attempt  to  use  the  Rc^^ult  dew-point  apparatus  ana 
balloon  voyage.  It  is  not  easy  to  observe  with  under  the  most  favorable  orcumstanoes, 
and  in  a  balloon  the  surroundings  are  not  promotive  of  ease  in  its  manipulation. 

The  instruments  taken  on  a  balloon  voyage  should  be  as  fbw  as  is  consistent  with  the 
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objects  of  the  expedition^  and  as  compact  aa  possible.  The  balanced  &n  could  be  di»- 
X)ensed  with,  since  the  air-meter  quickly  shows  all  changes  in  vertical  motion,  both  in 
direction  and  intensity.  It  might  be  of  advantage  to  mount  two  air-metens,  set  in  op- 
posite directions,  as  a  mutual  check,  sq  that  when  one  is  increasing  its  readings  the  other 
will  be  diminishing  them.  The  observations  of  an  air-meter  require  much  attention,  as 
it  changes  the  direction  of  its  motion  at  every  fluctuation  of  the  balloon.  The  time  at 
the  disposal  of  the  observer  or  observeis  jshould  determine  whether  the  instrument  should 
be  carried  or  not.  Unless  special  attention  to  the  velocity  of  vertical  currents  is  a 
prominent  object  of  the  expedition,  which  was  the  case  in  this  voyage,  it  would  be  well 
to  omit  the  instrument  firmn  the  list  of  those  taken,  as  its  readings  must  be  seriously 
afibcted  by  the  disturbances  in  the  air  currents  caused  by  the  proximity  of  the  car  and 
the  envelope  above. 

IIL— RBOOBD  of  OB8KBYAIION& 

1.  Oomparimm  of  instrummUs. 

At  the  signal  office  in  Saint  Paul,  Minn.,  the  instruments  were  compared  with  Hiote 
of  the  station  on  September  5,  6.  7,  and  17.  As  no  use  has  been  mode  of  these  com- 
parisons they  ore  not  reproducea. 

A  test  of  the  errors  of  the  Pike  aneroid  was  made  under  the  air-pump  by  Messrs.  J. 
&  H.  J.  Green,  in  New  York,  on  September  1.  They  showed  that  no  Uoge  errors  were 
present  except  at  veiy  low  pressures.  The  following  table  gives  the  reduction  of  the 
comparisons  of  this  instrument  made  at  Saint  Paul  with  the  mercurial  barometer  Green, 
1765: 


Inslruments. 


Qreen,  1765.^ 

Red.  for  t. 

Corrected  reading. 
Aneroid  reading... 
€k>rrected , 


September  5. 


29.096 
76.0 

.123 
28.972 
29.10 
—.13 


September  6. 


29.135 
61.6 

.086 
29.019 
29.18 
—.13 


September  7. 


29.450 
67.3 

.076 
29.374 
29.49 
—.12 


September  17. 


29.20 
73.8 

.118 
29.082 
29.27 
—.19 


The  comparisons  made  in  the  instrument  room  at  Washington,  after  the  return  of  the 
instrument,  show  a  correction  of  — .20.  It  is  shown  from  these  comparisons  that  the 
barometer  received  a  jar  during  the  balloon  voyage,  probably  at  the  tune  the  shelf  was 
carried  away  upon  which  it  had  been  resting. 

2.  Obaervaiuma  in  connedian  vnlh  the  voyage  and  accompanying  noiea. 


Date. 


8cp4.  12m.4 
12..« 


12.... 
1? 


19.... 


12L«. 

12... 


12-> 
14.... 


P.  Jf. 
4.68 
6.00 


Aneroid  barom- 
eters, Hottin* 
ger,  8241. 


I 


• 


6.48 
7.00 


7.10 
&00 


8.06 
8.00 


29.82 


27.06 


26w00 


29.13 


aao 

29.01 


74 
74 


66 


PQ 


29.83 
29.82 


29.00 


Thermometers. 


46.89 
(U.8 


00.2 


46.90 
78.4 


61.7 


78.9 


67.6 


61.8 


Oonjugate, 


92.8 


96w4 


On  ground,  (dear. 

On  ground,  bulbe  1  foot  from 
ground.  Bxpoiure  about  8 
minutes. 

Balloon  started. 

Car  so  crowded  that  it  Is  im- 
possible to  get  other  instru- 
ments in  poMtion. 

Highest  altitude  attained.  Time 
immediately  after  preceding 
reading. 

Shelf  carried  away. 

Thermometer  hung  on  rope  near 
oiseerver's  head.  Exposed 
about  6  minutes. 

Balloon  landed. 

On  ground,  light  rain,  high 
wind.  Obser\*ations  made  In 
expectation  of  second  ascent. 
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Observations  with  the  air-metei:  were  made  during  the  high  winds  preTBUing  Septem- 
ber 13,  14 ;  the  instrument  being  held  in  the  hand  away  fiom  the  body. 
September  13,  4.40-4.45  p.  m.:  Feet  per  minute,  850,  983,  750. 
September  14,  4.15  p.  m.:  7.10.    Wind  high,  but  gusty. 

3.  Beeord  of  the  error$  of  the  JBockford  watch  movement 

In  order  to  keep  the  time  with  as  great  accuracy  as  possible,  one  of  the  best  of  th 
Bockford  traveling  watch  movements,  which  have  an  excellent  reputation,  was  procured 
ftom  Mr.  J.  Earr,  of  this  city.  I  paid  considerable  attention  to  its  rate,  and  append  the 
results  as  a  matter  of  interest. 

NOTES. 

Watch  received  August  29,  with  statement  that  it  had  no  error. 

August  30,  31.     Wateh  carried  in  Washington. 

September  1-4.    Watch  carried  in  cars  to  Saint  Paul,  Minn. 

September  4-12.  Watch  carried  in  Saint  Paul  and  Minneapolis,  and  on  nearly  daily 
railroad  rides  between  these  cities.  Barometer  high,  temperature  low,  and  lain  part  of 
the  time. 

September  12.  Watch  carried  in  balloon  for  1}  hours.  Highest  altitude  attained 
2,600  feet. 

September  13-17.  Watch  carried  in  Saint  Paul  and  vicinity;  a  few  miles  of  railrood 
travel  only. 

September  17-19.  Watch  carried  in  cars  to  Washington. 

September  20-23.  Watch  carried  in  Washington. 

The  watch  was  carried  all  the  time  in  a  vertical  position  in  the  pocket,  and  wound 
daily  within  a  few  minutes  of  7  a.  m.  It  is  not  known  that  it  was  jarred  at  any  time, 
but  the  wearer  engaged  in  violent  exercise  for  about  an  hour  on  the  15th  instant,  in 
connection  with  landing  the  balloon.  At  night  the  watch  was  always  kept  in  the  vest 
pocket,  in  a  vertical  position. 

Table  of  watch  eorrectume  and  rates. 
+  Shows  that  watch  is  slow ;  — shows  that  it  is  fiui. 


Date. 


August  90...., 

August  81 

September  1.. 
September  2. 
September  8...... 

September  5...... 

September  <L 
September  7...... 

September  &..«. 
September  9... 
September  10. 
September  12t~ 
September  19.... 

September  20.... 

September  21.... 

September  22..^ 
September  23... 


1 

8fl 

g 

i 

'sl 

^ 

e 

b  & 

2 

>% 

9  s. 

H 

i§ 

6 

& 

12.0 
12.0 

+  2 
+  9 

^ 

11.8 

+14  - 

2.2 

+17.5 

+8 

9.6 

+16.2 

—1 

10.9 

+20 

8.7 

+19 

—1 

1.1 

+12.0 

—7 

1.0 

+  4 

' 

1.4 
1.1 

Ih 

-« 

1.0 

—12.2 

8.0 
12.0 

— 2B.0 
—24 

+5 

12.0 

—18 

-6 

12.0 

—12 

-6 

12.0 

—  7 

" 

h6 

Authority. 


Washington  Time>ball. 
Washington  Time-balL 
Washington  signals,  New  York  City. 
Allegheny  Observatory  signals,  Pittsburg,  B». 
D^iKiom  Observatory  signals,  Chicago,  lU. 
1  Myers  A  Finch  regulator,  Saint  Paul— oovveated  by  Carletoii 
/      College  signalsJ* 
Carleton  College  signals. 
'  Myers  A  Pinch  regulator. 

Bailroad  despatcher's  watch  at  BClnneapoUs,  Mgnlated90  mi»> 
utes  before  by  Carleton  College  signala. 

Oarleton  College  signal. 
Allegheny  Observatory  signals. 
Washington  Time-ball. 
Washington  Time-baU. 
Washington  Time-balL 
Washington  Time^iall. 


^wing  to  poor  telegraphic  corrections,  Myers  ic  Finch  received  their  signals  only  oooasion* 

ally.    Their  time  is  uncertain  by  several  seconds. 
fBalloon  voyage  and  stormy  weather  with  low  barometer. 

4.  OhservatUma  of  the  aurora  borealis  of  September  152,  1881. 

The  following  notes  were  made  during  the  night  of  September  12-13  after  the  de- 
scent of  the  balloon,  4  miles  from  Saint  Paul,  pasture  of  Mr.  Klotch,  near  reddenoe  of 
Rudolph  Knapheide,  esq.,  Reserve  Township,  Ramsey  Ck>unt7,  Minnesota.  Beoords  in 
Wadiington  time. 

Descended  about  8.05-8.30,  being  towed  by  six  or  more  men.  On  landing  observed 
a  fine  aurora,  extending  iVom  north  point  of  horizon  60°  east;  an  arch  20  high,  with 
six  pUlan  of  light,  which  at  times  became  veiy  brilliant,  particularly  one  due  north. 
At  9.07,  veiy  long  streamers,  reaching  45°  from  the  horizon.    At  12.20  veiy  fine,  in  spite 
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of  strong  moonlight;  stretches  40°  west,  60°  east  of  north  point  of  horizon.  At  12.45, 
reaches  50°  above  horizon;  less  extended  in  the  east.  At  12.56  display  very  marked; 
reaches  from  western  horizon  60°  beyond  zenith,  and  characterized  by  stroi^  motion, 
resembling  the  passage  of  waves,  which  always  moved  from  the  north  horizon  npward; 
the  line  of  motion  inclined  about  45°  to  the  horizon  towards  the  west.  Folly  half  the 
«ky  covered,  the  uncovered  portion  being  east  and  south;  the  changes  occur  very 
rapidly.  At  2.45  display  fully  as  marked  as  before,  but  extended  soutib  of  zenith  not 
so  far  as  above  noted. 

Messrs.  E.  R.  Johnstone  and  W.  G.  Nichols  observed,  2.45-5,  and  report  continu- 
ation of  phenomena  as  above,  the  pillared  appearance  being  very  marked*  At  6  Ihe 
aurora  was  not  so  hright,  but  still  very  fine.  They  describe  the  pulsations  as  regular 
and  apparently  governed  by  some  definite  law. 

Messrs.  J.  Creelman  and  C.  M.  Faye  observed  from  5  to  daybreak,  and  report  oontin- 
nation  of  the  phenomena,  with  no  features  not  before  noted.  As  daylight  increased  the 
auzora  apparently  receded  to  a  low  arch  in  the  north,  and  a  brilliant  piBar  of  light  shot 
up  in  the  eastw 

Thiaiemarkable  aurora  waa  very  extensively  observed  at  stations  of  the  Signal  Service, 
as  may  be  seen  by  reference  to  the  Monthly  Weather  Review  of  Se|itember,  1881. 

TV. — ^Discussion  of  Houblt  Obskbyations  at  Sional  Ssbyicb  STAHOva 

In  order  to  make  the  proposed  observations  in  the  balloon  available  for  comparison 
with  the  corresponding  conditions  upon  the  earth,  the  Chief  Signal  Officer  decided  to 
have  hourly  observations  made  at  all  Signal  Service  stations  east  of  the  MiasiaBippi 
River,  and  north  of  latitude  37°.  Accordingly  the  following  circular  was  issued  to  th» 
observers  at  these  stations. 

Wab  Dspabtmxnt, 
Otfiob  of  thb  Chibf  Signal  Offioxb, 
WasbiHgUm,  D.  C,  August  29, 1881. 

Sergtb 

Sigfial  Corps,  U.  8.  A,: 
Sxbqbant:  It  is  anticipated  that  on  or  about  September  7,  1881,  a  balloon  ascension 
will  be  made  from  Minneapolis,  Minn.,  by  Professor  King,  accompanied  by  a  representa- 
tive of  the  Signal  Service.  It  is  desirable  that  every  exertion  should  be  put  forth  by  the 
observers  at  the  Signal  Service  stations  from  Dakota  to  Maine  and  south  to  Virginia  to 
derive  the  utmost  possible  advantage  from  this  rare  opportunity  for  observing  interest- 
ing meteorological  and  other  phenomena.  To  this  end  it  is  proposed,  if  the  plan  be 
pxncticable,  that  hourly  observations  of  barometer,  thermometers,  and  wind  velocity  be 
taken  at  the  indicated  stations,  of  which  yours  is  one,  simultaneously  with  those  taken 
in  the  balloon,  these  observations  to  commence  at  an  hour  to  be  indicated  to  you  and 
continued  for  eighteen  hours.  All  observations  will  be  taken  on  Washington  mean 
time.  You  will  be  informed  further  and  by  wire  at  what  hour  to  commence  your  ohseiy 
vations. 

The  balloon  is  expected  to  travel  in  an  easterly  direction.  Stations  along  the  north- 
ern part  of  the  United  States  will  be  on  the  alert  and  note  its  appearance,  if  seen. 

A  full  report  of  the  meteorological  observations  taken  will  be  sent  to  this  office  not 
later  than  four  days  firom  the  time  of  commencing  them. 

WM.  E.  BIRKHIMER, 
First  Lieut,  3d  U.  8,  ArtiUery,  AcUng  Signal  Qfflesr. 

On  the  afternoon  of  September  12  a  telegram  was  sent  to  the  several' stations,  ordering 
the  beginning  of  the  observations  at  6  p.  m.  and  their  continuance  until  fhrther  orders. 
The  oi^er  for  their  discontinuance  was  sent  on  the  15th,  when  it  became  evident  that 
the  voyage  would  not  be  resumed.  In  compliance  with  these  orders,  hourly  observa- 
tions were  made  at  50  stations,  beginning  September  12,  6  p.  m.,  and  continuing  for 
fron^  59  to  94  hours,  according  to  the  time  when  the  order  for  their  diBCon^^inuance  was 
received.  The  observations  were  in  many  cases  simply  those  of  pressure,  temperature, 
and  wind  velocity,  while  in  others  a  complete  set  of  observations  was  made  at  each  hour. 
Since  these  observations  cannot  be  used  for  the  purpose  designed  and  are  not  sufficiently 
extended  to  be  available  for  a  vigorous  discussion  of  those  meteorological  conditions 
which  are  revealed  hy  a  study  of  a  long  series  Of  hourly  observations,  it  seems  unnec- 
essary to  here  reproduce  them  in  detail.  I  therefore  limit  myself  to  a  statement  of  re- 
8ultB»  which  I  have  obtained  firom  a  careful  tabulation  and  charting  upon  hourly  mi^. 

1.  Oenertd  meteorotogical  eonditums  upon  September  12-15,  1881. 

In  the  afternoon  of  September  12  the  pressure  was  nearly  normal  in  New  Em^aad, 
and  above  the  normal  in  the  other  districte,  being  high  in  the  Upper  MissiaBippi  vaUej. 
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On  the  13th  the  pressure  rose  in  New  England,  the  Middle  Atlantic  States,  and  Lower 
Lakes,  remained  nearly  stationary  in  the  Ohio  Valley,  and  fell  in  tiie  Upper  Lakes, 
Missouri  and  Upper  Mississippi  Valleys,  a  depression  existing  in  the  Missouri  Valley  at  the 
close  of  the  day.  On  the  14th  the  pressure  rose  rapidly  in  New  England,  slowly  in  the 
Middle  Atlantic  States,  hut  fell  in  the  other  districts  except  the  Missouri  Valley,  where 
the  depression  of  the  14th  x>as8ed  away.  On  the  15th  the  pressure  continued  to  rise  in  New 
England,  hut  fell  in  all  other  districts,  in  connection  with  a  violent  storm  which  moved 
with  great  velocity  northward  fiom  the  Gulf,  and  will  he  especially  discussed  helow. 
The  temperature  conditions  were  ahout  normal  during  these  days,  with  the  exception 
that  in  the  northwest  the  temperature  fell  rapidly  upon  the  14th  and  15th.  The  force 
of  the  wind  was  small  in  the  eastern  districts,  hut  increasingly  great  in  the  western,  as 
the  influence  of  the  storm  of  the  15th  and  16th  was  fell  ' 

2.  Comparison  of  daily  means. 

The  tahulation  of  the  hourly  obsenrations  of  pressure  and  temperature  ftimished  an 
oppoitonity  of  determining  the  mean  daily  values.  It  is  of  interest  to  compare  the  daily 
means  obtained  from,  hourly  observations  with  those  obtained  by  taking  the  means  Ckf  the 
re^ar  7  a.  m. ,  3  and  11  p.  m.  (Washington  time)  observations.  The  following  table  con- 
tams  a  summary  of  the  results  for  the  several  districts.  In  determining  them  the  fol- 
lowing stations  are  included  under  their  respective  districts: 

New  England:  Block  Island,  Boston,  Burlington,  Eastport,  New  Haven,  NewLondon^ 
Newport;  Portland,  Me. ;  Springfield,  Mass. ;  Thatcher's  leJand,  Wood's  Holl — eleven 
staitions. 

Middle  AUantie States:  Albany,  Atlantic  City,  Baltimore.  Bamegat,  Chinooteague,  Dela* 
ware  Breakwater,  Lynchburgh,  New  York,  Norfolk,  Sandy  Hook — ^ten  stations. 

Lower  Lakes:  Buf&lo,  Cleveland,  Detroit,  Erie,  Oewego,  Port  Huron,  Rochester,  San- 
dusky, Toledo— nine  stations. 

Upper  Lakes:  Chicago,  Duluth,  Escanaba,  Grand  Haven,  Marquette,  Milwaukee — six 
stations. 

Ofdo  VaUeg:  Champaign,  Cincinnati,  Columbus,  Indianapolis,  Louisville,  Morgan- 
town,  Pittsburgh — seven  stations. 

Upper  Mississippi  Valley:  Davenport,  Des  Moines,  Dubuque,  Keokuk,  La  Crosse,  Mad- 
ison; Springfield,  HI. ;  Saint  Louis,  Saint  Paul — ^nine  stations. 

Missouri  VaUey :  Huron,  Omaha,  Yankton — ^three  stations. 

Table  giving  the  mean  daily  values  of  pressure  and  temperature  in  the  districts  namedf  obtained 
from  hourly  observations  and  from  the  mean  of  those  taken  ail  a,  m.,  3  and  11  p.  m.,  Wash- 
ington time: 

SEPTEMBER  13,  1881. 


Diatriotfl. 


New  EnflrUnd ^ 

Middle  Atlantic 

Lowei;  Lakes 

Upper  Lakes 

Ohio  Valley 

IJpper  Missiflsippi  Valley. 
MlMOuri  Valley 


Pressure. 


Temperature* 


e 
< 

a 

0 


80.061 
80.076 
80.146 
80.146 
80.130 
80.144 
80.063 


CO 

is 


80.076 
80.068 
80.166 
80.134 
30.121 
30.129 
80.010 


s 


—0.015 
-0.012 
-0.020 
+0.012 
-4-0.009 
-fO.015 
4-0.043 


8 

a 


9 

O 


63.8 
71.7 
62.4 
59.2 
67.1 
66.4 
68.5 


So 


S 


63.5 
71.4 
60.9 
90.2 
66.1 
65.8 
6d.9 


S 


-0.2 
-fO.8 
-fl.5 
0.0 
-1.0 

-a4 


^. 


SEPTEMBER  14, 1881. 


New  England 

Middle  Atlantic 

Lower  Lakes 

Upper  Lakes 

Ohio  Valley 

Ubper  Mississippi  Valley 
Miasoari  Valley 


•••  ■••••«••«>••••••«•«»•••••••••• 


80.237 

30.263 

-0.026 

62.3 

62.0 

80.180 

80.191 

-0.011 

70.2 

70.0 

80.133 

80.109 

+0.024 

63.5 

63.7 

29.934 

29.906 

+O.0B8 

63.7 

68.3 

80.045 

80.024 

+0.021 

68.5 

68.6 

29.927 

29.897 

+0.080 

67.4 

66.7 

29.979 

80.012 

-0.083 

68.7 

00.9 

4<).5 
+0.2 
-0.2 
+0.4 
-0.1 


SEPTEMBER  15, 1881. 


Lower  Lak< 


>•■••••••••••»•  «»•••••«»•»•••• 


90.949 


20.910 


+0.090 


70.5 


7L2 


-«.7 
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In  obtaining  the  mean  lesnlts  of  this  table,  observations  of  temx>eratnre  only  were  nsed 
ftt  Norfolk,  Detroit,  Eacanaba,  and  Champaign,  those  of  pressure  at  these  stations  being  in- 
complete. An  examination  of  the  residuals  given  above  shows  that  in  temperature  they 
ore  small,  and  there  seems  no  special  law  affecting  the  plus  and  minus  signs.  The  pressure 
residuals,  however,  are  of  some  magnitude  and  there  seems  to  be  a  similarity *of  signs  in 
adjacent  districts.  An  examination  of  the  temperature  and  pressure  conditions  on  these 
days  shows  that  the  fluctuations  of  the  former  were  about  normal,  but  of  the  latter  were 
unusually  large  on  account  of  the  storm  in  the  Northwest  on  the  13th,  and  also  that 
which  traveled  from  the  Gulf  northward  on  the  16th.  The  plus  residuals  are  found 
when  the  pressure  is  fidling,  the  minus  when  it  is  rising. 

In  order  to  exhibit  the  lisults  at  the  separate  stations,  the  following  table  is  given  for 
those  which  made  a  complete  series  upon  the  15th.  Two  columns  are  added,  giving  the 
observed  differences  in  pressure  and  temperature  between  the  first  and  last  observation 
at  the  respective  stations,  or  tho  change  in  twenty-four  hours: 

Hbble  giving  the  mean  tUtUy  vahies  of  pressure  and  tempemhtre  at  the  ttoHona  named,  ob- 
tained from  houHg  cbaervatiana  and  ftvm  the  mean  qf  those  taken  at  7  a,  m,,  3,  and  11 
p.  m,,  Washington  <tm«,  Sqriember  15, 1881. 


Station. 


Boston , 

Bastport , 

Portland 

Albany 

AUantioGity 

Baltimore , 

Bamegat. 

Ohinooteaffue 

Delaware  Breakwater 

New  York , 

Norfolk 

Philadelphia 

Sandy  Hook 

Buffalo 

Cleveland , 

Detroit 

Erie 

Oswcffo 

Port  fiuron 

Boohester 

flandnsky , 

Toledo 

Chicago , 

Efloanaba 

Grand  Haven 

Bfarquette 

Milwaukee 

Cincinnati 

Indianapolis 

Lonisviile 

Pitteburgh 

Dea  Moines 

Springaeld,  111 

Saint  tfouis 

Omaha 


a 


I 


30.410 
90.446 
ao.435 
90.817 
90.196 
90.147 
90.165 
80.103 
90.138 
90.282 


90.219 
90.236 
30.038 
29.878 


29.960 
81).  145 
29.863 
30.101 
29.821 
29.798 
29.647 


29.708 
29.789 
29.r>54 
29.741 
29.644 
29.657 
29.989 
29.880 
29.722 
29.776 
80.015 


90.422 
90.470 
90.456 
30.329 
90.199 
90.137 
30.197 
90.104 
90.126 
30.282 


30.212 
20.262 
30.011 
29.848 


I 
I 


—0.012 

—  .024 

—  .021 

—  .012 

—  .001 
+  .010 

—  .002 

—  .001 
+  .012 

.000 


+  .007 
—  .026 
+  .027 
+  .030 


29.927 
30.140 
29.820 
30.082 
29.777 
29.744 
29.591 


29.643 
29.760 
29.588 
29.704 
29.618 
29.616 
29.9C6 
20.812 
29.703 
29.744 
29.983 


4-  .023 
-f  .005 
-f-  .087 
+  .019 
-f  .044 
4-  .054 
+  .066 


+  .065 

+  ,020 

+  .066 

+  .037 

+  .026 

-f  .041 

+  .023 

+  .038 

+  .019 

+  .082 

+  .032 


+0.08 
+  .13 
+  .13 
+  .09 

—  .01 

—  .06 
.00 

—  .02 

—  .02 
+  .02 


.00 
+  .01 

—  .13 

—  .24 


.18 
.04 
.24 
.07 
.29 
.33 
.38 


.43 

.14 
.41 
.29 
.26 
.21 
.18 
.20 
.14 
.08 
.18 


Temperature. 


a 

& 


58.8 
64.9 
67.9 
66.3 
70.6 
70.6 
69.5 
73.2 
72.1 
65.5 
75.1 
68.5 
67.6 
71.1 
73.0 
71.4 
70.7 
68.8 
69.0 
60.1 
72.3 
69.1 
64.0 
62.4 
64.7 
60.4 
61.5 
68.8 
65.1 
66.3 
71.7 
49.8 
58.6 
59.5 
50.6 


58.7 
65.7 
87.5 
65.2 
71.2 
71.0 
69.3 
73.7 
72.0 
65.2 
75.8 
68.2 
67.3 
71.7 
72.9 
71.7 
71.0 
68.9 
71.0 
69.7 
73.6 
70.3 
61.8 
61.7 
65.5 
59.0 
60.7 
69.1 
64.2 
65.3 
71.3 
48.0 
56.7 
56.7 
48.7 


s 


+0.1 
—0.8 
+0.4 

+1.1 
—0.6 
—0.4 
+0.2 
—0.5 
+0.1 
+0.3 
—0.7 
+0.3 
+0.8 
-0.6 
+0.1 
—0.8 
—0.3 
—0.6 
-2.0 
—0.6 


3 

,2 

2 


— 1. 

— 1. 

+2. 

+0.7 

—0.8 

+1.4 

+0.8 

—0.3 

+0.9 

+1.0 

+0.4 

+1.8 

+  1.9 

+2.8 

+1.9 


+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 


0 
4 
1 
1 
5 
4 
1 
2 
1 
0 
2 
2 


—  1 

+  8 


+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 


2 
6 
8 
7 
7 
8 
5 

8 

—  2 

+  1 

—  8 

—  8 

+  S 

—  5 

—  8 

+  2 
—14 
—19 
—20 

—  9 


An  examination  of  these  residnals  gives  results  similar  to  those  mentioned  above.  As 
&r  as  these  observations,  covering  so  few  days,  are  concerned,  it  may  be  said  that  the 
mean  of  the  7,  3,  and  11  observations  gives  a  &it  representation  of  the  true  daily  mean 
nnder  normal  conditions  of  temperature  and  pressure.  If,  however,  these  conditions  are 
abnormal,  as  for  example  if  the  pressure  faXlA  at  a  uniform  rate  during  the  twenty-four 
hours,  then  evidently  the  mean  of  the  7^,  and  11  observations  will  differ  from  the  hourly 
mean,  in  the  case  cited  being  lower.  This  is  the  explanation  of  the  correspondence  be- 
tween the  residuals,  both  asto  amount  and  sign,  with  the  observed  changes  in  twenty- 
fyOT  hours  indicated  in  the  preceding  table. 
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The  theoretical  relation  between  the  tme  daily  mean  and  that  obtained  from  the  mean 
of  the  7,  3,  and  11  obeervations  (Washington  time)  mnst  be  derived  separately  for  eadr 
place,  the  constants  being  fVimished  by  a  long  series  of  obeervations.  This  has  not  bee^i 
done,  as  &r  as  known,  for  any  place  in  this  oonntiy. 

3.  The  storm  of  BqOember  15  an4  le. 

Bnring  the  days  nader  discussion  there  were  several  depressions  of  importance  which 
may  be  noted.  On  the  12th,  a  depression  of  ligjht  extent  prevailed  in  the  Upper  Lake 
region,  and  on  the  13th  a  depression  of  mnch  greater  extent  was  located  in  the  Extieme 
Northwest,  and  moved  in  an  easterly  direction  npon  the  14th,  bnt  too  fiur  north  of  the 
United  States  to  be  traced.  The  ascension  was  made  in  the  period  of  time  between  the 
inflaenoe  of  these  two  depressions,  the  storm  of  the  13th  and  14th  being  coincident  wiUi 
the  latter.  After  its  paeaoge  the  winds,  as  is  nsoal,  shifted  to  the  nor^west,  and  it  was 
at  this  time  that  the  continuation  of  the  voyage  was  planned,  and  seemed  to  be  practi- 
cable, fiom  all  ordinaiy  considerations  depending  npon  the  winds  and  weather  following 
a  depression.  But  at  this  time  a  storm  of  great  energy  had  developed  in  the  Gnl(  and 
npon^e  15th  was  moving>in  the  nnnsoal  direction  of  north.  Its  influence  was  felt  in 
Minnesota  upon  that  day,  and  was  the  cause  of  the  final  fiiilure  of  the  eipedition.  The 
hourly  observations  made  on  the  15th  furnish  means  for  studying  several  characterittioB 
of  this  Storm. 

a.  Its  direction  and  velocity. 

This  was  almost  due  north  between  the  11  p.  m.  observation  of  the  14th,  when  the 
center  was  near  New  Orleans,  and  the  11  p.  m.  observation  of  the  15tli,  when  the  center 
was  near  Orand  Haven.  Its  greatest  velocity  was  between  the  7  a.  m.  and  3  p»  m.  ob- 
servations  on  the  16th. 

The  following  table  contains  the  approximate  latitude  and  longitude  of  the  position 
of  the  storm  center  and  the  hourly  velocity,  which  it  will  be  seen  averaged  48  nfiles. 


Table  giving  pooUiom  <if 

^  ifonn  oofler  and  hourly 

vdoeUy. 

Date. 

Hour. 

Latltade. 

Longltade. 

Honrly  v»- 
lodtj. 

JfOef. 

SeptembM  14 

7a»m. 

8  p.m. 

11  p.  m. 

7  a.  xn. 

28.6 
28.8 
29.2 
82.6 

27.0 
08.8 

oa7 

88.0 

^rm—                  M.    M    ^     M%                «_ 

From    tri-daily   obterTa- 

Scpfeember  Iff 

tions. 

11a.m. 
13  m. 

86.0 
86.8 

87.6 
86.8 

60' 

« 

1  p.m. 

86.7 

86.8 

60 

2  p.m. 

87.4 

86.2 

66 

8  p.m. 

88.1 

86.0 

48 

4  p.m. 

88.8 

86.2 

48 

6  p.m. 

80.6 

86.4 

48 

From  hourly  obteivmtiont 

6  p.m. 

40.2 

86.4 

41 

V    in  connection  with  bal- 

7 p.m. 

41.0 

86.6 

48 

loon  ascension. 

8  p.m. 

41.6 

86.7 

84 

0  p.m. 

42.0 

87.0 

41 

10  p.  m. 

42.7 

87.6 

41 

11  p.  m. 

43.0 

87.8 

41 

12  p.m. 

43.6 

86.8 

41 

. 

Mmn  velocity.. 

48 

^^^^^■^^^^^^l^^^B        r    ^^  ^B^^^  ^^T^*  ^^^m     ^^  ■••■•v»»^ 

>VW*'V  AM  ■■■  ■••#•• 

b.  The  direction  and  velocity  of  the  wind. 

The  stations  which  continued  observations  through  the  15th  were  mostly  confined  to 
the  Middle  Atlantic,  Lower  and  Upper  Lakes,  with  a  few  in  the  Missouri  Valley.  The 
charting  of  the  wind  observations  at  these  stations  shows  that  in  the  Middle  Atlantic 
and  Lower  Lake  regions  the  directions  of  the  winds  were  nearly  tangential  to  the  isobars, 
and  in  a  few  instances  directed  towards  the  central  depression.  The  peiBistenoe  of  the 
southeasterly  direction  in  the  Lower  Lake  region  is  quite  marked,  and  may  be  the  result  of 
the  existence  of  the  depression  of  the  14th  at  the  northward.  The  winds  at  the  northwest 
blew  almost  directly  towards  the  center.  In  the  immediate  vicinity  of  the  center  the  direo- 
tions  were  tangential  in  the  opposite  direction  of  watch-hands.  It  has  been  stated 
that  in  general  the  winds  blow  more  and  more  directly  towards  the  center  of  a  de|ire»> 
sion  as  we  advance  towards  it;  but  in  this  country  it  has  been  noted  that  the  d'T*KTtiftni 
aze  more  nearly  directed  towards  the  center  at  stations  situated  at  a  distance,  tad  be* 
become  more  tangential  as  we  approach  the  center.    The  evidence  of  this  stonn  is  nol 
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satiB&ctoiy,  but  it  fiiYora  the  former  statement  for  stations  sitnated  east  and  northeast 
^the  oentor  and  tke  latter  for  stations  situated  at  the  northwest,  except  for  those  in  the 
immediate  vicinity  of  the  center. 

The  yelodties  of  the  wind  in  a  few  cases  exceeded  30  miles  per  hoar.    The  following 
table  shows  the  ayerage  velocity  in  the  districts  named  for  saooessive  di^: 


Difltriot. 


Nqw  Enffland 

Middle  Atlantic. 

Lower  Lakes 

Upper  Lakes 

OlJo  Valley 

Upper  Mlssisaippi  Valley 
MlsBoari  VaUey 


Septem- 

Septem- 

ber 18. 

ber  14. 

6 

S 

5 

9 

7 

B 

4 

10 

8 

5 

6 

8 

9 

16 

Septem- 
ber 15. 


18 


The  relation  of  the  velocity  of  the  wind  to  Ihe  barometric  gradient  is  an  interesting 
subject  of  inquiry.  Professor  Loomis,  in  the  American  Journal  of  Sdenoe  and  Arts  for 
January,  1878,  gives  a  table  of  the  relation  between  the  velocity  of  the  wind  and  the 
distance  between  isobars  drawn  a  tenth  of  an  inch  apart^  which  he  has  derived  ftom  his 
meteorological  researches:  M.  Peslin,  in  a  paper  published  in  the  Bulletin  International 
de  PObs^vatoire  de  Paris  (translated  by  Ptofessor  Abbe  in  Smithsonian  Report  fiv 
1877),  has  also  published  an  approximate  table  of  the  same  import^  but  derived  from  a 
theoretical  formula.  The  hourly  observations  here  discussed  are  in  part  only  available 
fbr  comparison  with  these  tables,  because  of  the  uncertainty  of  the  isoban  drawn.  Bow- 
ever,  in  the  Lower  Lake  region  some  results  have  been  obtained  which  axe  given  in  the 
following  taUe: 

Taitie  giving  the  mean  diilanM  in  sitZei  Mwem  moeest&ve  iadban  drmion  (me4eii£k  of  an  <Ne& 
t^oH  ani  ike  observed  wind  veioeiHes  compared  with  ike  iaUee  oflMmie  and  liaUn, 


• 

i 

Date. 

^ 

Veloofty  from— 

1 

? 

' 

JMec 

Hfgrnm 

Xfoeinw. 

JMta^ 

BvptSBitMr  Id  •■•■•••• * *«• ••»••••■•• 

11a.m. 
12  m. 

HI 
118 

16 
17 

18 
18 

2B 

18 

1p.m. 

104 

18 

15 

14 

2  p.m. 

109 

18 

18 

18 

8  p.m. 

108 

19 

16 

14 

4  p.m. 

100 

19 

16 

15 

6  p.  m. 

108 

81 

16 

14 

Sp.  m. 

99 

80 

16 

15 

7  p.m. 

90 

18 

27 

16 

8  p.  m. 

80 

19 

80 

17 

9  p.m. 

84 

80 

29 

17 

10  p.  m. 

86 

80 

28 

16 

11  p.  m. 

74 

22 

82 

19 

Mean. 

96 

19 

20 

15 

The  observed  values  of  distance  and  velocity  are  the  mean  results  from  the  nine  sta* 
tions  in  the  Lower  Lake  region.  The  values  according  to  Peslin  are  the  results  which 
his  approximate  table  would  give,  adopting  values  half-way  between  the  limiting  values 
of  his  table.  It  will  be  seen  from  this  table  that  the  observed  velocities  do  not  increase 
as  rapidly  with  a  diminution  of  the  distance  between  the  isobars  as  is  given  by  Loomis' 
table.  The  progression  is  more  nearly  that  of  Peslin's  table,  but  the  absolute  values 
differ  by  a  constant  quantity,  the  mean  of  all  agreeing  closely  with  Loomis's  value.  The 
above  results  are  those  which  have  been  derived  from  a  study  of  the  hourly  observations. 
It  is  much  to  be  regretted  that  on  account  of  the  Siilure  of  the  baUoon  voyage  these  ob* 
servations  were  not  available  for  their  intended  purpose. 


APPENDIX    No.    67. 

Chioaoo,  III.,  Mvember  17,  1881. 

Sib:  In  compliance  with  instractionB  of  your  office,  dated  6th  ultimo,  I  have  the  honor 
to  snhmit  herewith  the  following  nanative  and  a  record  of  aerial  meteorological  observa- 
tions in  connection  with  the  balloon  voyage  from  Chicago,  111.,  October  13  and  14,  1881: 

i  1.— Naekative. 

On  aooonnt  of  the  limited  time  for  preparation  and  few  inatrnments  sent  me  the  data 
collected  is  not  as  complete  as  could  be  desired,  being  confined  mostly  to  the  barometric 
pressure  and  the  determination  of  temperature  and  hygrometrical  condition  of  the  air 
at  different  elevations  above  the  surface  of  the  earth;  in  addition,  the  suddenness  of  our 
ascent,  together  with  the  necessary  assistance  rendered  the  aeronaut,  attendimt  upon 
such  occasions,  reduced  considerably  that  time  which  the  observer  considers  so  precious. 

It  is  mudi  regretted  that  a  safety  lamp  was  not  sent,  as  every  opportunity  was  had  for 
a  valuable  series  of  nocturnal  observations. 

Your  observer  takes  the  liberty  of  entering  into  some  details  which,  though  of  no  im- 
portance to  those  &miliar  with  aerial  ascents,  may  be  of  interest  to  the  inquirer,  and 
for  comparative  purposes  in  the  near  future,  when  it  is  hoped  there  will  have  been  suffi- 
cient data  collected  for  the  deduction  of  some  principles  which  will  contribute  towards 
the  advancement  of  meteorology. 

The  ascent  took  place  on  the  lake  front,  at  the  foot  of  Randolph  street,  Chicago,  in 
the  balloon  A.  J.  Niitting,  formerly  the  Great  Northwest  The  balloon  was  inflated 
with  carburetted  hydrogen  gas,  and  had  a  capacity  of  100,000  cubic  feet;  it  was  60  feet 
in  diameter,  and  stood,  when  inflated,  and  with  car  attached,  about  90  feet  high.  The 
material  was  composed  of  a  rubber  cloth,  invented  by  the  aeronaut,  -Prof.  S.  A.  King, 
and  consisted  of  two  layers  of  cloth  with  120  coatings  of  rubber  varnish  intervening. 
This  material  was  veiy  light  but  surprisingly  strong.  A  life-preserver  made  of  hermeti- 
cally sealed  cans  was  girded  around  the  car  and  a  cork  preserver  was  secured  by  the  ob- 
server for  his  use. 

The  car  attached  to  the  balloon  was  a  slightly  oblong  basket  of  wicker-work,  about  5 
feet  in  diameter,  with  a  seat  of  same  material  about  one  foot  wide  extending  the  outer 
circumference  of  the  basket. 

The  instruments  were  compared  with  those  of  the  signal  office  in  Chicago  for  two  days 
previous  to  the  ascent  and  were  found  very  accurate;  the  barometer  used.  Pike's  aneroid, 
oomi>ensated,  was  the  same  which  was  used  in  the  Saint  Paul,  Minn.,  ascension,  and 
which,  when  compared  with  the  Saint  Paul  instrument  (cistern  barometer),  was  found 
to  be  in  good  adjustment. 

It  was  proposed  to  make  the  ascension  on  the  morning  of  the  11th  October,  but  on 
account  of  the  threatening  weather  and  southerly  wind  it  was  postponed  to  the  morning 
of  the  12th,  and  further  postponed  to  11  a.  m.  of  the  13th,  when,  rather  than  acknowl- 
edge a  &ilure  alter  so  much  trouble  and  expense,  despite  the  heavy  northeast  wind  then 
prevailing  the  trip  was  determined  upon.  The  heav^*^  strata  clouds  which  covered  the  sky 
ror  nearly  three  days  began  breaking  early  in  the  afternoon  of  the  13th,  and  cirro-stratus, 
upper  cumulus,  cirrus,  and  lower  cumulus  were  moving  in  every  direction  with  different 
velocities.  The  inflation  was  completed  at  5.20  p.  m.  and  the  car  attached.  While  ar- 
ranging the  ballast  and  testing  the  buoyancy  of  our  aerostat,  a  gust  of  wind  tore  it  from 
the  friendly  hands  that  held  it,  and  parting  the  l)-inch  anchor  rope  which  moored  it  to 
the  ground,  away  we  flew,  skimming  the  ground  for  about  20  rods,  sweeping  before  us  a 
score  or  two  of  those  whose  curiosity  overcame  their  prudence.  The  action  of  the  bal- 
loon was  so  rapid  and  unexpected  that  it  was  impossible  to  fix  the  instruments  in  posi- 
tion before  leaving  the  earth,  and  the  sudden  shooting  into  space,  the  magnificent  view, 
and  the  novelty  of  the  pos\tion  all  so  entranced  your  observer  that  it  was  fUlly  five 
minutes  before  he  was  fully  prepared  to  take  observations.  On  account  of  the  sudden- 
ness  of  the  ascent,  the  instruments  were  not  exposed  as  I  had  intended,  but  were  sus- 
pended from  the  concentric  ring  and  kept  in  position  by  means  of  cords.  At  starting, 
tiie  balloon  moved  toward  the  southwest  until  about  5.35  p.  m.,  when,  at  about  3,8^ 
foet  above  sea-level,  it  reached  a  current  moving  more  from  the  east    The  velodly  of 
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this  current  was  comparatively  slight,  and  we  seemed  to  be  drifting  instead  of  sailing, 
as  in  the  sor&ce  current.  A  few  flat-bottomed  rounded  cnmnlns  clouds  which  were  on 
onr  level  seemed  to  partake  of  the  same  motion.  At  about  8  p.  m.  we  reached  a  small 
dtjy  and  seemed  becalmed,  swinging  in  a  circle  for  an  hour  or  so.  It  was  too  dark  to 
see  my  chronometer,  but  I  judged  tr6m  the  location  that  it  was  Aurora,  111.  Our  height 
was  approximately  3,960  feet. 

Tired  of  the  loneliness  of  the  position,  and,  on  account  of  the  darkness,  prevented 
from  taking  any  observations,  at  about  9  p.  m.  I  stretched  myself  on  the  Imllast  and 
iell  asleep,  the  aeronaut  standing  watch.  At  4.30  a.  m.,  Friday,  I  was  awakened  by 
the  professor,  who  announced  that  we  were  among  the  clifft.  We  had  been  sailing  in 
a  valley  when  the  wind  changed  to  southwest,  carrying  us  directly  for  a  mass  of  solid 
rock  which  loomed  up  in  the  dusk  like  an  immense  black  phantom.  A  few  pounds  of 
ballast  carried  us  over  this  obstacle,  only  to  stumble  us  about  like  a  drunken  man  among 
the  mounds.  While  in  this  section,  and  also  while  crossing  Flambeau  River,  the  balloon 
showed  a  tendency  to  fall  in  the  valleys,  or  low  ground,  which  was  probably  due  in  a 
great.mea8ure  to  gravitation,  condensation  of  the  gas  by  cold  air  circulating  in  the  ^- 
leys,  or  inequality  of  atmospheric  pressure,  while  on  level  ground  the  motion  was  un- 
dulatoiy.  At  6.15  a.  m.  we  passed  over  Spring  Valley.  Wis.,  startling  the  natives  by 
dragging  our  drag-rope  over  their  rooft.  By  the  light  of  early  dawn  the  coming  day  did 
not  appear  propitious.  At  8  o'clock  we  were  surrounded  by  dense  cumulo-stratus  donds^ 
through  which  we  passed.  At  an  elevation  of  about  5,000  feet  we  were  eleven  minutes 
passing  through  a  detached  cumulus. 

At  7. 15  a.  m.  we  passed  over  what  I  concluded  were  the  Platte  Mounds.  These  mounds 
are  1 ,281  feet  above  sea-level.  They  are  of  various  colors  and  fimtastic  forms,  whidi,  with, 
the  vari^ated  colors  of  the  surrounding  foliage,  gives  a  picturesqueness  almost  unequaled. 
The  balloon  circulated  among  these  mounds  as  though  drawn  by  the  force  of  inspiration, 
and  kept  us  dancing  in  circular  attendance  for  about  half  an  hour,  when  we  were  com- 
pelled to  use  ballast  to  escape.  This  attraction  was  probably  due  to  the  currents  of  cold 
air  drculating  in  the  valleys.  *  *  *  While  passing  over  a  Scandinavian  settlement 
in  this  neighborhood  we  were  greeted  with  a  load  of  shot  which  could  be  distinctly  heard 
as  it  passed.  In  passing  over  Little  Falls,  Monroe  Oounty,  Wisconsin,  moving  westward, 
at  8.30  a.  m.  we  came  in  contact  with  trees;  one  would  suppose  the  buoyancy  of  the 
aerostat  would  help  us  over  such  obstacles,  and  that  it  would  rebound  from  contact;  but 
the  force  of  the  wmd  was  such  as  to  withstand  any  such  resistance,  and  the  balloon  was 
shot  with  such  velodty  that  the  limbs  of  trees  which  would  require  the  strength  of  2  or  ^ 
men  were  easily  broken  and  a  portion  of  one  carried  away  with  us.  When  we  neared  the 
ground  we  were  greeted  with  a  beautiful  view  of  the  verdure  in  every  variety  of  form; 
when  nearing  villages,  dogs  were  hushed,  horses  whipped  up,  and  country  matrons  stood 
in  their  doors  with  arms  akimbo  with  the  utmost  look  of  astonishment  depicted  on  their 
countenances.  The  delusions  of  aerial  travel  about  dawn  are  something  certainly  won- 
derful. At  times  the  earth  appears  to  rise  to  meet  you,  and  a  beautiful  pattern  of  carx>et, 
like  green  velvet,  with  handsome  figures,  is  shown  to  the  eye.  Again,  in  passing  over 
rocky  sections,  the  stones  assume  a  variety  of  colored  geometrical  figures  on  a  large  scale, 
reminding  one  of  the  views  of  a  kalddoscope,  with  less  intense  color.  In  fact  this  early 
mom^g  travel  is  so  tail  of  delusion  that  one  could  not  certify  to  the  identity  of  a  single 
thing  seen. 

At  9  a  m.  we  x)assM  over  Tutlow  (probably  Templeau).  At  10.40  a.  m.  we  -paaa/ed 
over  Tomah,  Wis.  At  11  a.  m.  we  began  ascending  in  the  midst  of  a  slight  rain,  com- 
pletely enveloped  in  the  clouds.  At  12. 45  p.  m.  our  highest  known  elevation  was  reached, 
being  8,640  feet  above  sea-level,  all  the  while  immersed  in  cloud  which  boiled  and  surged, 
its  vapory,  tenacious  appearance  much  resembling  masses  of  sea-island  cotton.  In  our 
progress  toward  the  upper  limit  the  rain  at  times  poured  in  torrents,  flowing  down  the 
sides  of  the  aerostat,  completely  saturating  everything  and  rendering  it  painfhl  to  keep 
the  eyes  open.  This  continued  from  10.50  a.  m.  to  12.20  p.  m.,  and  was  accompanied 
by  a  marked  rise  in  temperature.  From  2,100  to  8,000  feet  the  rain&ll  was  heaviest, 
decreasing  as  we  rose  until  at  8,000  feet,  when  it  ceased  altogether.  The  temx>erature 
remained  nearly  stationary  during  the  whole  voyage,  as  will  be  seen  from  the  observa- 
tions given  below  (paper  No.  1).  The  exposed  thermometer  at  an  elevation  of  920  feet 
was  40°;  at  8,200,  43®,  and  at  intermediate  elevations  ranged  ftom  35.8''  to  39.1°.  The 
range  during  the  whole  voyage  was  only  8.3°.  The  minimum  temperature,  35.8°,  was 
reached  at  an  elevation  of  3,720  feet  October  14,  and  the  maximum,  44.1°,  at  an  eleva- 
tion of  3,860  feet  on  13th  October.  The  highest  temi)erature  of  October  14,  43°,  was 
reached  at  an  devation  of  8,200  feet,  and  the  lowest,  35.8°,  was  reached  at  3,720  feet. 
The  temperature  of  the  water  flowing  down  the  ddes  of  the  balloon  was  taken  at  an 
devation  of  8,200  feet,  and  found  to  mui  1°  higher^  than  the  temperature  of  the  exter- 
Aalair. 
From  the  direction  in  which  we  were  moving  when  near  the  earth,  an^  the  relative 
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pOBltion  of  our  landing  place,  it  appeare  that  the  wind  fbr  Friday,  October  14,  was  'wi- 
able,  blowing  mosilj  fiom  a  aontheast  point.  Sonnda  at  the  saiAeb  of  the  earth  can  be 
heard  at  great  heights;  at  8,000  feet,  throngh  a  solid  mass  of  comulo-stratos  douda,  a 
steam-whistle  was  heard  as  plainly  as  though  a  few  rods  distant. 

The  range  in  relative  humidity  for  all  elevations  did  not  exceed  11  per  cent.,  as  will 
be  seen  by  table  given  below  (i>aper  No.  2).  The  observations  herewith  were  taken  dur- 
ing the  ascent  only,  as  the  rapidity  of  our  descent  was  so  great  (10  feet  per  second)  that 
all  our  time  and  energy  were  devoted  in  effecting  a  safe  landing,  and  no  opportunity  was 
bad  for  recording  the  readingps. 

At  11.50  a.  m.,  the  wind  increasing  carried  us  at  a  rapid  rate,  probably  30  or  40  miles, 
and  not  bein^  able  to  discern  stationary  objects  we  could  not  tell  where  we  were  or  what 
course  pursumg.  Bain  began  at  9.45  a.  m.  and  aided  about  1.46  p.  m.  At  1  p.  m.  it 
poured  in  such  a  torrent  that  observations  were  neoesBarily  discontinued.  At  1.30  p.  m. 
we  found  ourselves  floating  over  a  small,  swift-running  river,  and  could  plainly  hear  the 
roar  of  the  fiUls  below  us.  The  high  pines  on  either  side  of  the  river  formed  waHsbem- 
ming  in  the  current  of  air,  so  that  we  sailed  up  the  middle  of  the  stream  about  10  or  15 
feet  above  the  water.  After  sailing  in  thi»  manner  for  about  a  quarter  mile  an  opening 
<m  the  left  bank  was  reached,  into  which  the  balloon  sailed.  Not  more  than  a  half-mile 
from  the  river  vras  a  cranberrr  bog,  into  whi(^  we  descended  and  collapsed  the  ballooiL 
From  the  last  person  rooken  ^10.  S  a.  m. )  while  in  ^e  balloon  we  found  we  were  at  that 
time  about  40  miles  from  Saint  Paul,  Minn.,  and  when  we  descended  at  2.15  p.  m., 
Washix^gton  time,  on  the  west  bank  of  the  river,  concluded  that  we  were  in  the  State  of 
Minnesota,  and  probably  30  or  40  miles  north  of  Saint  Paul  on  the  Missisdj^i  River. 
Witii  this  supposition  in  mind  we  stepped  out  of  the  car  into  about  18  inches  of  ioe- 
water,  found  we  were  in  a  cranberry  bog,  and  had  nothing  to  do  but  get  out.  A  lew 
things,  together  with  the  instruments,  were  taken  from  the  car  and  we  started  to  xeoon- 
noiter.  A  half-hour  was  lost  in  this  manner,  when  we  concluded  to  go  down  the  river. 
En  route  a  hedgehog  was  killed  and  put  in  a  safe  place  for  future  emergency.  Nig^t 
found  us  three  miles  from  the  balloon  near  the  river  bank,  occupying  what  had  at  one 
time  been  a  stout  hog-pen;  over  one  end  was  placed  several  decayed  logs,  which  did  not 
prevent  the  rain  from  falling  through.  In  this  place  we  made  a  Are  and  epeai  the  night, 
eoaked  to  the  skin  and  steaming  like  a  kettle.  After  considering  the  situation  it  was 
resolved  to  abandon  all  property  which  was  not  essential  to  our  safety,  retrace  our  steps 
the  next  day,  obtain  ropes  from  the  balloon  with  which  to  construct  a  raft  if  it  should 
be  necessary,  obtain  a  water-proof  shelter  by  cutting  out  a  piece  of  the  balloon  cloth  and 
to  put  afloat  on  the  river  something  which  should  attract  attention  and  convey  informa- 
tion as  to  our  sit^tion. 

At  daybreak  next  morning  (Saturday),  before  starting  out,  the  satehel  oontaininfj  the 
meteorological  instruments  was  suspended  from  the  top  of  a  pole  in  foil  view  of  the  nver ; 
jm  explanatory  note  was  also  left.  On  our  route  back  to  die  balloon  the  hedgehog  was 
found  and  dressed,  much  to  the  distress  of  our  stomachs.  After  a  great  deal  of  fotigae 
«nd  loss  of  time  the  balloon  was  found.  With  a  piece  of  doth  10  met  square,  cut  from 
our  balloon,  the  wicker  seat  of  the  basket,  and  necessary  ropes,  we  once  more  set  oat. 
Having  reached  the  river  the  basket  was  put  afloat,  with  a  sealed  bottle  attached  (flask 
which  contained  the  water  for  hygrometer),  which  gave  the  details  of  our  situation,  Ac, 
and  requested  assistance;  besides  this  a  red  handkerchief  Ued  to  a  stick,  flrmly  &stened 
to  the  wicker-work,  served  as  a  flag  to  attract  attention.  After  the  completion  of  this 
we  concluded  to  camp  where  we  were  for  the  night.  Here  we  boiled  the  hedgehog  and 
placed  it  aside  for  the  expected  emergency.  With  the  howling  of  the  wolves  and  the 
<x>ld  night  air,  sleep  was  out  of  the  question,  although  badly  ne^ed.  At  daybreak  next 
morning  (Sunday),  after  leaving  an  explanatory  note,  we  started  south,  tramped  aU  day 
through  the  oveMowed  swamps,  with  the  water  half  of  the  time  up  to  our  knees.  Late  in 
the  afternoon  we  arrived  at  what  appeared  to  have  once  been  an  extensive  logging  camp» 
After  an  hour  spent  in  prospecting,  we  concluded  that  we  had  arrived  at  the  proper  place 
for  building  our  raft.  Five  decayed  log  cabins,  with  falling  sides  and  tumbled-in  rootfis, 
offered  us  shelter  for  the  night.  In  one  of  these  wo  made  our  fire  and  managed  to  dose 
through  the  night.  The  next  morning  (Monday)  we  began  work  on  the  raft.  All  the 
logs  lying  around  were  so  decayed  that  thoy  were  useless,  but  we  found  plenty  of  ma* 
tenal  in  the  flooring  of  one  of  the  cabins,  which  we  tore  up  and  burned,  instead  of  sawed, 
to  the  proper  lengt£k  By  night  the  raft  was  finished  and  ready  to  be  launched.  While 
<x>ntemplating  our  treasure  a  fierce  battle  among  the  wolves  caused  us  to  beat  a  hasty 
retreat  to  our  camp.  This  night  your  observer  had  the  misfortune  to  be  compelled  to 
eat  hedgehog. 

The  next  morning  (Tuesday)  found  us  poling  our  raft.  An  hour  and  a  half  brought 
«is  to  the  end  of  what  appeared  to  be  a  lake,  and  although  the  place  had  at  one  time  been 
tised  to  float  logs  to  the  river,  we  could  flnd  no  outlel  This  was  a  sad  disappointment, 
as  all  our  hopes  of  getting  out  of  this  swamp  were  placed  on  the  xaft  and  river,  and  we 
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had  now  nothing  to  do  bnt  unknot  the  cords  and  resume  the  tramp.  This  unknotting 
was  not  so  pleasant  when  the  knots  were  swollen  and  the  water  ice  cold.  About  10  a.  m. 
we  resumed  the  tramp,  going  southwest,  and  at  times  making  drcnits  of  3  or  4  miles  to 
avoid  an  impassable  swamp  or  lake.  At  noon  we  came  upon  a  cranberry  bog,  from  which 
we  obtained  a  handftd  of  berries,  after  standing  an  hour  up  to  our  knees  in  the  water. 
A  little  later  we  reached  a  patch  of  wintergreen  berries  and  obtained  a  handM  more. 
About  3  o'dook  p.  m.  we  found  an  old  logging  road,  wideh  we  followed.  While  walk- 
ing this  road  we  heard  the  tinkle  of  a  oow-bell  *,  following  the  sound  we  reached  the  river 
and  followed  the  bank;  in  a  short  time  we  discovered  a  cabin  on  the  opposite  side  and  a 
boat  with  two  men  in  it.  After  hallooing  for  some  time  we  attracted  their  attention  and 
were  rowed  across  the  river.  Here  we  found  friends  and  plenty  to  eat,  and  discovered 
that  we  were  on  the  Flambeau  River,  in  Chippewa  County,  Wisconsin,  65  miles  from  the 
town  of  Chippewa  Falls,  Wis.  The  party  at  whose  place  we  stopped  owns  the  last  house 
(log  cabin)  on  the  Upx>er  Flambeau,  and  nearest  to  our  place  of  descent.  From  our  de- 
scription and  a  sketch  I  had  made  he  was  enabled  to  locate  the  position  of  the  balloon. 
Next  morning  (Wednesday)  he,  with  a  party  of  t6n  men  and  a  bcNit,  found  the  biJloon, 
but  was  unable  to  move  it,  and  was  compelled  to  return,  bringing  back  only  the  valve 
and  Signal  Service  instruments.  That  night  we  slept  at  same  place  as  previous  night, 
and  next  morning  (Thursday)  employed  Bruno  Vinette  to  take  us  to  Chippewa  Falls,  30 
miles  l^  water  and  35  miles  by  road.  At  8  o'clock  Friday  morning  we  arrived  at  the 
M1&  Leaving  on  the  4.40  p.  bl  train,  escorted  by  citizens  in  carriages  and  a  band  of 
music,  we  arrived  in  Chicago,  Saturday  22d,  at  7  o'clock  a.  m.^  when  your  obsexver  took 
advantage  of  a  ten  days'  leave  of  absence  for  recui>eration,  having  been  absent  eight  days 
and  nine  nights.  The  distance  traveled  in  this  voyage  was  about  550  miles,  which  was 
accomplished  in  19}  hours,  during  the  whole  of  which  time  no  difBlculty  was  experienced 
by  motion,  dizsineas,  or  in  respiration. 

The  success  of  this  ascension  demonstrates  with  certainty  the  feasibility  of  meteorolog- 
ical observations  while  in  mid-air,  while,  with  reasonable  amount  of  prudence  and  proper 
packing  of  the  instruments,  there  is  no  reason  why  in  the  minority  of  ascensions  tlra  in- 
struments should  not  be  returned  in  as  perfect  order  as  when  taken  away.  The  great 
obstacles  to  the  success  of  such  voya|;es  are  rainy  weather  and  badly  selected  points  of 
ascension.  In  the  first  named  the  ram  blinds  the  ^es,  rendering  it  inconvenient,  pain- 
fhl,  and  sometimes  impossible  to  read  the  instruments  or  note  "we  approach  of  danger, 
and  at  the  same  time  sSSects  the  reading  of  the  instruments.  In  the  latter  the  possi- 
bilily  of  contact  with  surrounding  objects  prevents  the  proper  exposure  of  the  instru- 
ments at  the  most  important  period.  In  tiJdng  aerial  voyages  the  proper  equipment  of 
the  balloon  is  almost  as  essential  as  a  perfect  aerostat.  In  this  particular  instance  the 
days  of  anxiety  and  suffering  we  endured  would  have  been  avoided  if  we  had  had  the 
forethought  to  provide  ourselves  with  a  package  of  condensed  food  and  a  pair  of  marine 
gUiases.  Your  observer  would  recommend  that  in  fhture  ascensions  the  following  arti- 
cles be  provided  in  addition  to  the  usual  balloon  outfit,  viz:  1  package  of  condensed  soup, 
or  other  fo<5d;  1  pair  marine  glaases;  1  large  jack-knife,  and  1  rubber  suit  and  ^oves; 
also  that  in  future  ascensions,  when  possible,  only  an  observer  who  has  made  one  or  more 
ascensions  be  designated  for  aerial  observations;  such  an  observer  can  more  fhlly  ap- 
preciate the  different  phenomena,  and  his  former  experience  in  handling  instruments  will 
enable  him  to  do  double  the  amount  of  service. 

i  2.--0BSKByATI01ir& 

The  elevations  reached  by  the  balloon  at  different  times  may  be  computed  from  the 
observations,  but  it  is  necessary  also  to  know  the  temperature  and  pressure  at  the  earth's 
surface  immediately  under  the  bsdloon  at  the  several  times  of  observation.  These  cannot 
be  obtained  directly,  but  the  records  of  Signal  Service  stations  in  the  vicinity  frimish  the 
means  of  obtaining  them  by  interpolation  from  the  daily  observations.  The  records  of 
the  following  stations  were  used  for  this  purpose,  viz:  Champaign,  Springfield,  CSiicago, 
HI. ;  Dubuque,  Iowa;  Milwaukee,  La  Crosse,  Wis. ;  Escanaba,  liich. ;  Kadisou,  W&. ; 
Marquette,  Mich. ;  DnIuth  and  Saint  Paul,  Minn.  In  order  to  obtain  the  barometrio 
pressures  the  observed  pressures  reduced  to  sea-level  were  plotted  on  the  same  chart  for 
the  3,  7,  and  11  p.  m.  observations  of  October  13,  and  the  7  and  11  a.  m.  and  3  p.  m. 
observations  of  October  14.  Curves  were  then  drawn  connecting  these  points,  which 
accordingly  represent  approximately  the  fluctuations  of  pressure  at  each  of  tiiese  stations. 
The  course  of  the  balloon  was  next  laid  down  upon  a  smaU  map,  and  its  position  at  the 
times  of  observation  inferred  as  nearly  as  possible.  It  was  now  possible  to  obtain  by  in- 
terpolation the  pressures  reduced  to  sea-level  immediately  beneath  the  balloon  by  inter- 
polation from  the  pressure  curves  of  the  adjacent  stations  at  the  several  times  of  observa- 
tion. The  temperatures  were  obtained  in  a  similar  way,  though  it  was  found  unnecessazy 
to  draw  curves  of  temperature,  as  the  changes  were  small. 
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The  following  chart  gives  the  carves  as  obtained  by  above  method.     (Paper  No.  3.) 
The  following  table  contains  the  obeerved  temperatTores  and  prassoxes  in  the  balloon, 
together  with  the  assumed  pressures  and  temperatures  at  sea-level  obtained  as  above,  Kid 
the  resulting;  elevations.     (Paper  No.  4.) 

The  velocity  of  the  balloon,  compared  with  the  velocity  of  the  wind  on  the  earth's  sor- 
&ce,  as  shown  by  observations  of  the  several  Signal  Service  stations  lying  in  the  coniBe 
of  the  balloon,  is  quite  interesting.  It  will  be  seen  by  the  observations  below  that  tha 
velocity  at  any  of  the  eight  stations  did  not  equal  that  of  the  balloon;  that  the  maTimMwi 
observed  hourly  velocity  did  not  equal  the  mean  velocily  of  the  balloon  by  about  ten  mUea; 
that  the  mean  hourlv  velocity  of  the  13th  and  14th  does  not  equal  the  velodly  of  tha 
balloon  by  about  eighteen  mUes;  that  the  mean  daily  velodly  of  the  eight  stations  to 
the  13th  and  14th  (48  houis)  does  not  equal  the  velocity  attahied  by  the  balloon  in  lOf 
hooxB.    (Paper  Na  6.) 

Papib  No.  1. 


Date. 


1881— 

OotobcrrlS.. «..i 

October  18 

October  13  « 

October  14  ^ 

October  14^ 

October  14 » 

October  14 ', 

October  14 

October  14 

October  14 

October  14 

October  14  ^ 

October  14  ^ 

October  14.. 

October  14^ , 

October  14 

October  14 


Washington 
time. 


5.85  p.  m , 

6.00  p.  m , 

7.00  p.  m , 

7.00  a.  m 

7.11  a.  m 

7.90  a.  m , 

8.00  a.  m , 

8.90  a.  m 

9.00  a.  m , 

9.80  a.  m  ..... 
10.00  a.  m...., 
10.90  a.  m...., 

11.50  a.  m 

12.15  p.  m..... 
12.80  p.  m..... 

12.45  p.  m 

1.00  p.  m 


ture. 


44.1 


87.0 
86.0 
85.8 
86.3 
40.0 
87.0 
86.1 
89.1 
87.5 


43.0 

Wo 


Elevation  in 


8,890 
8,880 
8,960 
4,530 
4,800 
8,780 
2,660 
930 
2,010 
8,800 
2,880 
1,470 
6,290 
6,270 
8,200 
8,610 
6,800 


Table  No.  2. 
SunUdUy  tcMe, 


1881— 

October  14«.............mm — 

October  14 

October  14.. 

Oololwr  14.. 

October  14. 

October  14.. 

October  14i».* 

October  14.. 

October  14. 

October  14^. 


Elevation 
in  feet. 

Belative 
humidity. 

Dew  point. 

^urcatL 

no 

96 

88 

1,470 

100 

87.6 

2,010 

96 

86 

2,660 

96 

86 

2,880 

98 

87 

8,720 

98 

84 

8,800 

100 

86 

4,620 

99 

86 

6,800 

100 

86 

8,900 

100 

(T)43 

Vapor  ten- 
■ion. 


.994 
.907 


.91B 
.194 
.211 


(T). 


.919 
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CHABTNo.  20.    APPBNDIZ  No.  79. 

Barometric  pressure  at  Signal  Servloe  Btatlons  a<!Uaoent  to  the  path 
of  iMJloon  "A.  J.  Nuttlnsr,"  (formerly  The  Oreat  Northwest  J  durlnff  its 
passage  from  Ohloa^o,  m.,  to  Flambeau  Biver,  Wis.,  on  October  18th, 
and  14th,  1881. 


October  IStb,  1881 
gP.Af.         yffAf.  //«4/. 


October  14th,  1881. 
7AM,  HAM, 


Papeb  No.  4. 


Tlniie. 


1881. 
October  13,  5^0  p.  m.. 

0.00  p.m.. 

7.00  p.m.. 
October  14,  7.00  a.  m.. 

7.11  a.  m.. 

7J0A.m.. 

8.00  a.m.. 

8.80  a.  m.. 

9.00  a.m.. 

9UK>a.m.. 
10.00  a.  m.. 
10.80  a.m.. 
11.00  a.  m.. 
13.15  p.  m.. 
12J0  p.  m.. 
13.45  p.  m,. 

1.00  p.  m.. 


1 
I 


36.40 
36.88 
36.36 
86.00 
86.61 
36.25 
37.82 
20.16 
37.95 
36.14 
27.10 
28.00 
34.70 
38.83 
32.15 
31.80 


j 


^8 

II 
J' 


44.1 


87.0 
86.0 
85.8 
86.8 
40.0 
87.0 
86.1 
89.1 
87.5 


48.0 


let 

IP 


80.43 
80.43 
80.40 
80.17 
80.17 
80.16 
80.18 
80.17 
80.18 
80.13 
80.11 
80.10 
80.05 
80.04 
80.08 


80.05 


47.0 
47.0 
48.0 
47.7 
47.7 
48.0 
47.4 
47.4 
48.0 

4ao 
4ao 

48.0 
48.0 
49.0 
46.2 


if 
If 


4.08 
4.06 
4.15 
4.07 
4.66 
8.91 
3.86 
1.01 
2.18 
8.98 
8.01 
1.60 
5.85 
6.33 
7.88 


8,880 
8,800 
8,960 

4,  on 

4,800 
8,710 
3,600 


3,010 
8,800 
3,880 
1,470 
5,380 
6,370 
8,300 
8,610 
6,800 


i 
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Papeb  Ko.  5. 
Wimduaie, 


m 

Stations. 

Ootnborl8. 

October  14. 

Daily  Telocity. 

7  p.m. 

11p.m. 

7  a.m. 

11a.m. 

8p.m. 

Cot.  13. 

Oct.  14. 

Oct  18. 

Oot.14. 

OhlcMgo. 

12 

16 

11 

8 

8 

4 

16 

6 

16 
16 
9 
8 
8 
1 
6 
4 

12 
28 
10 
.4 

6 
4 

6 

4 

10 
26 
12 

2 
10 

8 
11 
U 

7 
18 

6 

5 
12 

4 
10 

6 

298 
899 
880 
289 
168 
218 
260 
279 

196 
891 
211 
96 
185 
U4 
176 
182 

18 
24 
22 
26 
16 
24 
20 
20 

15 

Milwaukee  ,........•., 

82 

Madison 

16 

Ia  CronOx •. .««••« 

Saint  Paul 

• 
14 

Duluth • 

Booanaba. 

U5 
15 

Maninotto 

u 
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&000 


&0OO 


4  000 


3^000 


ZX>00 


rtrr. 

1.000 


f 


*^^  £__ftooo 


8.000 


74M)0 


&000 


3:00c 


4l000 


iOOO 


a.ooo 


'cf'  M"^  uicr  f 


0/"  t^   z<ir. 


^-^*.J. 
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APPENDIX  No.  68. 

PROPOSED  OCEAN  BALLOON. 
[Copy  of  Siipial  Report  92, 1882.] 

1538  Ogden  Street,  Philadelphia, 

Jime  2^  1882. 

Dear  Sir:  I  am  desirous,  us  joa  know,  of  oontribntiDg  what  I  can  to  the  advanoe- 
ment  of  meteorological  investigation,  and  I  believe,  therefore,  you  will  readily  under- 
stand that  what  I  am  about  to  offer  is  prompted  by  that  desire. 

The  grandest  of  all  instniments  (and  the  most  n^ected)  for  meteorological  research 
is  the  balloon.  Therearepossibilitiesof  execution  with  it  not  even  guessed  at.  One  of 
these  iiossibilities  is  the  subject  of  this  letter.  The  subject  of  a  voyage  across  the  ocean 
has  often  been  discussed,  and  is,  in  fact,  a  very  popular  theme,  but  no  one  seems  to  have 
thought  of  the  wonderful  opportunities  offered  for  observation  and  discovery  by  a  pro- 
longed voyage  above  the  waters  of  the  Atlantic.  From  continent  to  continent  is  of 
secondary  importance,  in  my  estimation,  thoagh  the  value  of  such  a  demonstration  can- 
not be  guessed.  My  proposition  is  to  niake  an  aerial  voyage  above  the  ocean's  surface, 
for  the  purpose  of  studying  meteorological  phenomena  of  the  lesser  altitudes,  say  from 
one  to  three  thousand  feet  elevation  above  the  sea.  To  accomplish  this  it  will  be  neces- 
sary to  construct  a  very  powerful  balloon  of  exceedingly  strong  and  impermeable  mate- 
rials, which,  when  above  the  water  by  means  of  the  appendage  known  as  the  *  *  drag-rope, ' ' 
may  be  kept  afloat  for  thirty  days  or  more.  We  should  thus  be  enabled  to  make  a  con- 
tinuous series  of  observations,  day  and  night.  With  no  guide  but  the  wind,  we  should 
constantly  be  thrown  into  the  vicinity  and  midst  of  storms,  when  cognizance  could  be 
taken  of  all  their  actions,  from  the  first  gathering  of  the  ropes  to  the^dissipation  of  the 
last  cloud. 

Enlarging  upon  this  portion  of  my  subject  to  one  so  well  versed  as  yourself  in  what  is 
known  and  yet  wanting  in  the  science  of  meteorology  would  seem  to  be  superfluous;  ten 
thousand  chances  of  gaining  the  most  valuable  information  must  occur  to  you.  I  have 
long  contemplated  this  extraordinary  undertaking,  and  am  fully  aware  of  its  require- 
ments. I  feci  able  and  equal  to  emeigencies  now.  Whether  this  may  be  so  in  after 
years  or  not  is  a  question  which  makes  me  anxious  to  avoid  further  delay.  It  would 
seem  to  be  uttedy  useless  to  attempt  such  a  voyage  without  at  least  the  co-operation  of 
the  United  States  Signal  Service,  and  if  it  were  possible  for  it  to  control  the  matter  en- 
tirely greater  results  might  be  anticipated.  You  have  herein  and  herewith  the  substance 
of  all  my  plans,  together  with  the  estimate  of  actual  expenses  necessary  for  the  complete 
outfit  of  the  expedition.  My  judgment  is  that  the  starting  yoint  should  be  located  as 
far  south  as  possible,  certainly  not  farther  north  than  the  city  of  Washington.  Your 
counsel  in  this  matter  will  be  invaluable.  How  to  obtain  the  necessary  funds  is  of  course 
the  leading  question;  this  settled,  all  others  are  easily  answered. 

Should  yon  consider  this  communication  sufficiently  complete  for  presentation  I  would 
ask  you  to  present  it  to  General  Hazen  with  my  respects. 
Very  truly,  yours, 

SAMUEL  A.  KING, 
1538  Ogden  8lreet,PkUadelpkia. 
Prof.  Cleveland  Abbe. 

The  Ocean  Balloon. 

The  balloon  for  an  ocean  voyage  should  have  a  capacity  of  about  300,000  cubic  feet. 
The  material  for  its  construction  should  be  a  fine,  strong  cotton  cambric.  This  should 
be  made  three-fold,  and  cemented  together  by  interrening  layers  of  India  rubber,  be- 
sides being  coated  on  the  outside  and  inside  with  other  gas-proofing  and  water-proofing 
materials.  The  seams  must  be  strongly  sewed  and  then  cement^  and  covered  with 
rubber  strips  to  prevent  leakage  through  the  needle  holes.  The  net-work  should  be 
made  of  cotton  cord,  of  sufiicient  strength  to  bear  the  great  strain  to  which  it  will  be 
subjected.  A  seaworthy  boat  would  be  suspended  beneath  the  balloon,  and  so  rigged 
as  to  serve  as  a  comfortable  car  in  the  air  or  as  a  navigable  vessel,  or  fioat  upon  the 
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water.  Other  appliances  would  of  coarse  be  neoessaiy,  bat  these  are  matters  of  coaiae 
which  need  not  be  mentioned  here,  wiUi  one  exception:  this  is  (for  want  of  a  better 
name)  the  ''drag-rope,'' , which  is  to  be  used  for  the  purpose  of  keeping  the  balloon 
poised  at  or  near  the  required  altitude  in  the  air.  It  should  be  made  so  that  the  por- 
tion floating  in  the  water  may  offer  the  least  possible  resistance  to  the  free  movement  of 
the  balloon,  but  that  part  suspended  between  the  balloon  and  the  water  should  be  made 
of  materials  or  in  such  manner  as  to  make  it  the  best  possible  non-conductor  of  eleo- 
tricity. 

Edimaied  coai  of  baUoanrmateriala. 

8,000  yards  cambric,  at  18  cents - $1,440  00 

600  pounds  kneaded  India  rubber,  at|1.25 750  00 

1,300  pounds  cotton  net  cord,  at  30  cents _  390  Od 

500  pounds  manila  cordage,  at  14  cents 70  00 

Valve. - 100  00 

Boat 800  00 

Band-bag»,  anchors,  and  other  incidentals - 600  00 

4,050  00 
Estimated  cost  of  making  bailoon. 

1,600  gallons  naphtha,  at  10  cents $160  60 

Wages  of  10  men  coating  and  uniting  cambric,  00  days 1,200  00 

Wages  of  12  sewing-girls  six  weeks,  at  |6  per  week 432  00 

Wages  of  10  men  four  weeks  making  net,  at  $8  per  week 300  00 

Rent  of  a  large  hall  for  cutting  and  sewing 50  00 

Sewing  materials  and  other  incidentals... 500  00 

2, 702  00 
EatinuUed  cost  of  inflating  with  hydrogen  gas. 

21  large  tanks,  10  feet  diameter,  of  2-inch  white  pine $2,100  00 

21  small,  at$10each 210  00 

Connecting  pipes,  &c..I 500  00 

80,000  pounds  sulphuric  acid,  at  2  cents ,1,600  00 

75,000  pounds  iron  tumingK,  at  1  cent *    750  00 

21  men  three  days,  at  $2 _ _ 120  00 

50  men  one  day 100  00 

Incidentals 200  00 

5,586  op 
Estimated  cost  of  outfit  for  the  voyage. 

Provisions,  say  ^ $300  00 

Life-preserving  suits,  say,  for  3  persons -  300  00 

Five  water-anchors,  at  $25 125  00 

Instruments,  say 300  00 

Electric  light,  say 75  00 

Heating  apparatus 100  00 

Add  for  other  incidentals 200  00 

1, 400  00 

BECAPITni*ATI09. 

Materials  composing  balloiji $4,050  00 

Maldng- 2,702  00 

Inflating  with  hydrogengas 5,586  00 

Outfit  for  voyage 1,400  00 

Total  cost  of  expedition 13,738  00 

Weight  of  balloon  appendages  and  outfU, 

Pounds. 

Gas  envelope 3,000 

Netting- 1,300 

Ropes - 500 

Draif^-ropes and  poisingcable 2,000 

Boat  and  car 1,000 

Three  men  and  outfit 1,000 

Total  weight , 8,800 
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Buoyancy  of  the  Balloon. 

Hydiogen  gas  is  the  only  gas  to  be  thought  of  in  this  connection,  and  it  must  be  as  pnre 
as  i>06sible.  The  maximnm  lilting  power  for  1,000  cubic  feet  of  hydrogen  is  70  pounds; 
admit  then  a  probable  loss  of  5  pounds  per  1,000  from  impurities,  and  we  can  then  safely 
estimate  the  buoyancy  as  follows: 

Founds. 

300,000  cubic  feet  of  hydrogen,  lifting  65  pounds  per  1,000 19,500 

Deduct  weight  of  balloon,  &c - _ 8,800 

Total 10,700 

In  the  ordinaiy  detached  ascension  such  an  amount  of  sand  ballast  would  not  be  equal 
to  keeping  the  balloon  in  the  air  for  more  than  three  days,  but  the  voyage  here  proposed 
is  of  the  nature  of  the  '*  captive ''  ascension,  where  no  gas  is  lost  iiom  overflow.  The 
captive  balloon  of  the  Paris  exposition  may  be  cited  as  one  example.  The  sole  loss  then 
will  be  through  leakage.  This  will  not  exceed  1  per  cent,  for  every  100,000  cubic  feet 
of  gas  in  the  balloon,  say  3,000  cubic  feet  per  diem,  average.  A  loss  of  90,000  cubic  feet 
of  hydrogen  in  thirty  days  would  require  to  maintain  the  equipoise  a  discharge  of  6,850 
pounds  of  sand,  after  which  there  would  still  remain  4,850  pounds  of  sand,  with  which 
the  voyage  could  be  extended  if  necessary. 

In  conclusion,  I  would  say  that  the  main  difficulty  to  be  apprehended  is  to  be  found  at 
the  commencement  of  the  voyage.  If  the  balloon  can  be  sent  well  to  sea  at  once  I  should 
have  no  fears  of  the  result,  and  with  a  wind  ^m  west  on  the  morning  after  the  inflation, 
and  an  early  start,  we  should  soon  be  out  of  reach  of  land  influences  and  &irlj  embarked 
on  the  voyage. 

SAMUEL  A.  KING. 


APPENDIX   No.  69. 

AlXBOHENY,  Pa., 
AUeghemg  ObservaUny,  Juljf  8,  1882. 

Genebax:  In  reply  to  your  request,  I  have  the  honor  to  inclose  an  abstract  of  the 
result  of  the  Monnt  Whitney  exiiedition  in  advance  of  the  final  publication.  As  the 
▼oluminous  reductions  are  still  incomplete  you  will  understand  that  the  results  glTen 
here  by  anticipation  are  offered  only  as  approximations  to  the  final  statements.  I  may 
premise  that  the  Allegheny  Observatory  has  been  engaged  Ibr  many  years  particularly 
in  the  study  of  the  sun,  and  of  those  processes  of  absorption  of  its  heat  by  our  atmospheie 
on  which  almost  every  phenomenon  of  meteorology  depends.  The  fnndamentid  problem 
is  the  determination  of  the  amount  of  heat  which  the  sun  sends  the  earth,  called  in  tech* 
nical  language  **  the  solar  constant.''  To  obtain  this  with  absolute  exactness  it  would 
be  necessary  to  ascend  above  our  atmosphere,  since  the  latter  absorte  part  of  the  solar 
heat,  and  since  this  absorption  is  measured  by  the  difference  of  radiant  heat  outside  it 
and  within  it. 

There  are  indirect  means  for  obtaining  this  result  without  ascending  above  the  earth's 
sur&ce,  and  they  had  long  been  practiced  at  Allegheny,  but  none  are  so  satistactoiy  as 
the  direct  ascent  of  a  very  high  mountain,  for  by  the  comparison  of  the  radiant  heat  ob- 
served at  its  summit  with  that  at  its  base  the  absorption  of  a  very  considerable  part  of 
the  air  may  be  directly  measured  and  that  of  the  remainder  inferred.  The  previous 
work  at  Allegheny  having  indicated  that  the  received  values  of  this  solar  constant  by 
Herschel  and  Pouillet,  and  even  the  later  ones  of  Ciova  and  Yiolle,  were  imperfect,  it 
became  desirable  to  verify  this  conclusion  by  direct  mountain  measurements,  particu- 
larly as  new  processes  have  been  devised  and  practiced  here  which  enable  u»  to  study 
t^e  absorption  selectively,  not  only  in  its  totality  that  is,  but  on  each  separate  ray.  Ae- 
cordingly,  with  the  consent  of  the  trustees  of  this  observatory,  I  very  gladly  accepted 
your  offer  to  facilitate  an  expedition  for  this  purpose,  the  funds  for  the  considerable  spe- 
cial apparatus  of  which  had,  it  is  proper  to  say,  been  already  supplied  by  the  private  gen- 
erosity of  a  citizen  of  Pittsburgh.  After  consultation  with  officers  of  the  Army  and 
Coast  Survey,  Mount  Whitney,  in  the  Sierra  Nevada  of  Southern  Calitbrnia,  was  proposed 
as  a  site,  combining  the  requisites  of  great  altitude,  extreme  dryness,  and  abrupt  rise 
from  the  plain,  and  on  its  approval  by  you  preparations  were  pushed  forward  for  depart- 
ure. This  was  to  have  been  at  the  (^oee  of  June,  with  the  expectation  of  being  on  the 
mountain  by  the  end  of  July,  but  owing  to  delays  beyond  the  writer's  control  the  party . 
did  not  depart  till  the  7th  July.  The  journey  across  the  continent  was  made  witi^ 
added  facilities  through  the  courtesy  of  Mr.  Frank  Thompson,  general  manager  of  the 
Pennsylvania  Company,  which  enabled  us  to  take  our  special  apparatus,  weighing  be- 
tween two  and  three  tons,  through  in  a  private  car  without  change.  At  San  Frandsoo 
we  were  detained  by  delays  in  the  provision  of  a  military  escort  ten  days,  a  time  which 
the  kindness  of  General  McDowell  and  his  officers  aided  us  to  pass  agreeably,  but  which 
was  a  fatal  obstacle  to  our  first  purpose  to  be  on  the  mountain  in  July. 
.  The  party,  consisting  of  Capt.  O.  E.  Michaelis,  of  two  Signal  Service  non-corami^* 
sioned  officers,  and  six  soldiers,  acting  as  escort,  with  four  civilian  assistants  and  the 
writer,  left  San  Francisco  on  the  22d  July,  by  railroad,  for  Caliente,  at  which  point  the 
transportation  by  wagon  over  the  desert  began,  and  it  was  reunited  after  a  tedious  jour- 
ney at  Lone  Pine,  at  the  foot  of  Mount  Whitney,  on  the  Ist  of  August  Here  a  meteor- 
ological station  was  established,  where  observations  were  regularly  taken  with  the  bolom- 
eter, spectrometer,  actinomcter,  the  solar  comparator,  and  other  special  instruments,  as 
well  as  those  with  the  barometer,  hygrometer,  and  ordinary  meteorological  apparatus. 

This  Lone  Pine  camp,  with  part  of  the  f^paratus,  was  then  left  in  charge  of  Seigeant 
Dobbin  with  a  portion  of  the  escort,  while  the  main  party,  with  the  bolometer,  spectrom- 
eter, siderostat,  actinometers,  and  other  pieces,  were  transported  to  the  mountain. 
This  rose  immediately  above  Lone  Pine,  presenting  the  appearance  of  a  wall  of  granite^ 
which  it  was  necessary  to  make  a  long  detour  to  surmount  the  mule  trains  occupying 
£rom  seven  to  ten  days  to  a  point  whose  actual  distance  was  sixteen  miles.  The  journey 
lay  through  a  literally  trackless  wildemeas,  over  country  of  the  rou^^est  kind,  and  the 
transportation  of  the  elaborate  and  delicate  apparatus  involved  great  difficulties.    It 
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reached  its  destiiiation  with  unexpected  safety,  however;  but  so  much  time  was  con- 
sumed in  this  slow  transportation  that  it  was  not  until  the  last  days  of  August  that  sys- 
tematic work  commenced  on  the  mountain  and  observations  were  made  simultaneous 
with  those  below.  The  actual  summit  proving  impossible  to  occupy  permanently  and 
effectively  in  the  time  now  left  at  our  disposal,  observations  were  taken  there  at  inter- 
vals, but  the  principal  and  consecutive  ones  were  at  the  camp,  at  an  altitude  of  between 
twelve  and  thirteen  thousand  feet  and  above  the  snow  line.  We  struck  our  tents  on  the 
mountain  and  descended  on  the  11th  of  September,  and  breaking  camp  at  Lone  Pine 
^klso,  retraced  our  steps  across  the  desert,  reaching  tne  railroad  on  the  21st 

At  LoQe  Pine  and  on  the  mountain  the  regular  Signal  Service  observations  were  made 
three  times  daUy,  with  thermometer,  hygrometer,  and  barometer,  independently  of  the 
special  observations  of  th^  expedition.    These  latter  consisted  of: 

1.  Observations  with  the  lK>lometTic  spectrometer. 

2.  Three  series  of  observations  daily  with  the  actinometers. 

3.  Of  daily  photometric  observations  at  Lone  Pine  with  tbe  comparator. 

4.  Of  observations  with  special  nocturnal  radiation  apparatus  (on  tw^ve  nights). 

5.  Of  daily  observations  for  time  or  latitude. 

6.  Of  observations  of  high  and  low  stars,  for  atmospheric  transmission,  whenever  prac- 
ticable. 

7.  Of  chemical  observations  of  the  amount  of  carbonic-acid  vapor  in  the  atmosphere  at 
Lone  Pine  and  on  the  mountain. 

Of  observations  with  the  actinometer  alone,  120  complete  series  were  taken,  each  series 
consisting  of  thirteen  readings  of  the  solar  thermometer  in  sunshine  and  in  shade,  uid  of 
observations  with  the  bolometer.  The  galvanometer  readings  numbered  sevend  thou- 
sand. These  observations  were  taken  under  all  circumstances  and  in  temperatures 
vaiying  tmm  160^  F.  (in  the  dark  tent  at  Lone  Pine)  to  20°  F.  upon  the  summit. 

There  were  none  of  the  conveniences  for  observation  which  are  obtainable  at  perma- 
nent stations.  Those  at  the  veiy  summit,  at  an  altitude  of  nearly  15,000  feet,  were 
chiefly  due  to  Captain  Michaelis,  who  volunteered  that  specially  tiying  service,  and  a 
life  under  canvas  in  such  temperatures  and  at  such  an  altitude,  with  the  rarefied  air  and 
<»noomitant  mountain  sickness,  made  continuous  observatioiis  difficult  Such  diffi- 
culties were  what  we  had  calculated  on,  however,  and  1  allude  to  them  only  to  speak  of 
the  excellent  ^irit  of  all  concerned,  and  which  carried  us  through  all  obstacles. 

We  found  Mount  Whitney  all  that  could  be  wished  for  such  a  purpose,  except  for  the 
delays  now  involved  in  reaching  it,  and  I  have  elsewhere  expressed  the  hope  that  it  may 
be  occupied  as  a  permanent  station. 

Pend&ig  the  completion  of  the  reduction  of  the  experiments  of  the  expedition,  I  am 
able  to  give  as  an  approximative  estimate  of  the  solar  constant  from  2.6  to  3.0  OAlories, 
by  whiui  it  is  meant  that  the  direct  solar  radiation,  before  absorption  by  the  earth's  at- 
mosphere, would  in  Mling  for  one  minute  normally  upon  an  area  of  one  square  centimeter, 
raise  the  temperature  of  one  gramme  of  water  2^.6  or  3^.0  centagrade.  A  more  adequate 
idea  of  the  true  amount  of  heat  involved  may  be  obtained  by  considering  that  this  im- 
plies its  ability  to  melt  annually  a  crust  of  ice  covering  the  whole  earth' and  over  150  feet 
thick.  This  value  is  one-half  greater  than  the  received  value  of  Pouillet,  and  greater 
tiian  the  latest  determinations  of  Messrs.  Crova  and  Yiolle.  The  Mount  Whitney  ob- 
servations lead  us,  then,  to  increase  the  value  hitherto  accepted  for  the  solar  heat  The 
result  given  implies  the  statement  that  the  heat  received  directly  fjrom  the 'sun  is  never- 
theless but  a  small  part  of  that  we  experience  at  tbe  earth's  sur&ce,  owing  to  the  stor- 
age of  that  heat  by  the  atmosphere.  It  has  long  been  surmised  that  without  our  air  the 
sun's  radiant  heat  would  seem  greater  but  that  the  earth's  surface,  as  a  whole,  would  be 
colder.  We  may  see,  in  part,  what  the  effect  would  be  in  the  absence  of  an  atmosphere 
by  noting  the  actual  experience  of  our  party  in  climbing  to  those  high  altitudes  where  a 
considerable  part  of  the  atmosphere  lay  below  us.  As  we  ascend^  and  the  air  grew 
colder  the  radiant  heat  nevertheless  grew  greater,  so  that  the  skin  peeled  away  from  face 
and  hands.  As  we  climbed  higher  and  the  air  grew  still  colder,  the  members  of  the  party 
presented  the  appearance  of  suffering  item  severe  bums,  and  the  radiant  heat  still  in- 
creased till  near  the  summit  the  ordinary  black-bulb  thermometer  in  vacuo  once  showed 
the  extiaordinary  excess  of  130^*  F.  above  the  surrounding  air,  and  the  temperature  in  a 
blackened  copper  vessel,  covered  by  two  sheets  of  common  window-glass,  rose  above  the 
boiling  point  at  the  snow  line.  It  is  therefore  certain  that  with  such  a  vessel  water  can 
be  boiled  among  the  snowfields  of  Mount  Whitney  by  the  direct  solar  rays.  These  strik- 
ing facts  lead  us  to  ask  what  the  limit  of  this  heat  may  be,  and  the  answer  appears  at 
mt  paradoxical.  The  value  already  given  of  the  sun's  heat  in  calories  enables  us  to 
compute  that  a  thermometer  exposed  to  the  sun  outside  the  earth's  atmosphere  would 
reach  a  temperature  certainly  not  greater  than  50°  C.  above  that  of  surrounding  space. 
This  remarlukble  fact,  which  is  in  consonance  with  the  work  of  previous  observers,  may 
be  variously  interpreted.     According  to  the  writer's  judgment  we  are  at  any  rate  justi- 
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fied  in  saying  that  in  t^e  absence  of  oar  atm<Nn)here  the  surface  temperatoreof  the  earthy 
even  under  the  tropics,  would  not  rise  in  ftdl  sunshine  as  high  as  the  lowest  actually 
recorded  degree  of  arctic  cold.  The  temperatures  we  actmJly  experience  are,  then,  it  ai^ 
pears,  due  very  much  less  tothedirect  solar  radiant  heat  than  to  the  quality  of  selective  ab- 
sorption in  our  atmosphere  which  makes  it  act  a  like  part  to  that  of  the  glass  cover  in 
the  experiments  just  cited,  and  store  the  heat  within  till  the  earth's  8(]aYface  rises  to  the 
temperatures  we  live  under.  Without  this  quality  of  selective  absorption  it  appears 
probable  that  human  life  would  cease  on  this  planet,  even  though  the  air  remained  fit 
for  breathing.  Accordingly  the  spectral  study  of  the  action  of  special  components  of  the 
air  in  hindering  the  radiation  into  space  of  the  heat  the  planet  has  received  has  been 
made  a  prominent  object  of  these  researches.  In  this  connection  it  may  be  mentioned 
that  the  method  used  at  Mount  Whitney  enables  us  for  the  first  time  in  the  history  of 
such  experiments  to  study  this  selective  absorption  in  its  special  efiect  on  each  spectral 
ray.  We  find  that  as  we  ascend  the  spectrum  shows  not  merely  a  gain  in  heat  and  light 
bat  a  very  unequal  gain,  the  shorter  wave  lengths  increasing  in  energy  fbrmore  than  the 
longer,  so  that  there  is  upon  the  mountain-top  a  difl^rent  spectral  distribution  of  heat, 
light,  and  color  from  that  which  obtains  at  the  bottom.  Those  observations  with  other 
previous  ones  by  the  writer  establish  the  remarkable  fact  that,  viewed  without  an  atmos- 
phere, the  sun's  light  would  appear  no  longer  white,  but  blue.  This  conclusion,  with 
otheiB  whibh  may  appear  of  interest  to  meteorology,  I  trust  to  establish  beyond  dispute 
by  the  evidence  of  recorded  observations  and  experiments  made  by  the  Mount  Whitney 
expedition,  in  the  fuller  memoir  I  shall  shortly  be  prepiured  to  submit. 

I  have  the  honor  to  be,  General,  very  respectfully,  your  obedient  servant, 

8.  P.  LANGLEY, 
Director  of  the  Allegheny  ObHTtatory, 
CofimaUng  Spedaliet  to  the  U,  JS.  Signal  Service. 
General  W.  B.  Hazen, 

Chief  Signal  Officer ^  U,  S.  A., 

fVashingion,  Z>.  C 


APPENDIX    No.  70. 

MEMORANDUM. 

As  the  work  of  the  Signal  Servi^  consists  in  precautionary  warnings  against  the  un- 
necessary exposure  of  lite  and  property  to  the  risk  of  injury  by  wind  and  weather,  it  is 
only  possible  to  fully  present  the  benefits  derived  thereirom  by  means  of  statistics  show- 
ing what  would  have  been  the  loss  if  the  service  were  not  in  existence. 

In  a  few  instances  such  as  ^*  the  metropolis  storm,''  January  31,  1878,  we  can  point  to 
the  direct  saving  of  life  and  property  already  apparently  doomed  to  destruction,  but  the 
greater  part  of  our  work  is,  on  the  one  hand  the  prevention  of  accidents  and  on  the  other 
hand  the  increase  of  healtii  and  prosperity  due  to  the  dissemination  of  knowledge  in 
every  household  throughout  the  land. 

Without  attempting  too  much  detail,  the  following  suggestive  list  is  given,  showing 
some  of  the  ways  by  which  it  is  known  that  the  community  profits  direcSy  by  the  work 
of  the  Weather  Bureau. 

Artists,  photographers^  regulate  their  plans  according  to  the  predictions  of  sunshine  and 
doud. 

BuUders  strengthen  or  remove  their  scaffolding  when  high  winds  are  predicted. 

Canals,  navigation  on,  in  the  Ml  depends  on  the  predictions  of  freezing  weatiier. 

Qrasshoppers,  movements  of  swarms  predicted  for  the  benefit  of  fiurmers. 

FronHer  settkments  made  more  secure  fh>m  Indians  by  Signal  Service  telegraph  lines. 

Insurance  rates,  especially  marine,  are  diminished  for  vessels  that  heed  the  signals. 

Farfners  both  plant  and  harvest  their  crops  according  to  the  predictions  of  fitvorable 
weather. 

Enffi^neering  structures  are  planned  according  to  the  statistics  fiunished  by  the  Signal 
Service,  e.g, ,  aqueducts,  sewers,  and  drains  depend  upon  rain&ll  and  evaporation;  bridges, 
chimneys,  and  other  buildings  are  erected;  levees,  jetties,  and  harbors  of  safety  are 
planned  with  reference  to  force  of  currents,  winds,  tornadoes,  &c 

Heaith  of  individuals  is  preserved  by  timely  changes  of  dothing  baaed  upon  predic- 
tion of  sudden  changes  in  temperature  or  unexpected  rain. 

I^giene  in  general  is  promoted  by  studies  into  the  connection  between  weather  and 
disease  leading  to  the  deduction  of  geneializations  useftil  to  the  physician  and  the 
public. 

Laborers,  all  out-door,  regulate  their  plans  for  the  coming  day  accordinn;  to  the  pre- 
diction of  weather,  especially  navvies,  masons,  carpenters,  painters,  formers,  Jk^ 

Merchants  regulate  tiie  exposure  of  their  goods. 

Law  courts  recognize  the  Signal-Service  records  as  authority. 

Herders  drive  their  flocks  from  tiie  lowlands  when  river  floods  are  predicted,  and  to 
shelter  when  *' northers,''  ''blizzards,"  snow,  &c.,  are  predicted. 

Newspapers  have  their  circulation  increased  by  publication  of  weather  reports. 

Navigation  made  more  secure  idong  the  coast  by  frequent  consultation  with  the  Signal 
Office  at  Washington  by  means  of  our  telegraph  stations. 

Also  navigation  made  more  rapid  by  catching  favorable  winds  predicted  by  the  Signal 
Office,  and  by  studying  or  taking  advantage  of  the  laws  of  storms  deduced  from  obser- 
TBtions  of  the  Signal  Office;  navigation  made  safer  by  due  regard  to  the  cautionary  sig- 
nals; navigation  on  rivers  made  safer  and  more  certain  and  more  expeditious  by  Signal 
Service  reports  of  stages  of  water. 

Packers  of  pork  and  beef  kill  when  favorable  weather  is  predicted. 

PsHee  reports  as  to  the  state  of  sodety  during  times  of  great  exdtement^  general  strikes, 
Ae.,  collected  tri-daily  £rom  every  State  for  the  use  of  the  President. 

Public  meetings,  games,  fairs,  &c. ,  appointed  or  postponed  according  to  the  weather  pre- 
dictions. 

BaUroad  superijUendents  arrange  and  dispatch  trains  according  to  the  predictions  of 
snow-storms,  winds,  &c. 

Planters^  cotton,  ''watch  predictions  most  careAiUy;"  sugar,  "development  of  the 
sugar  plantations  in  portions  of  Texas,  Louisiana,  &c,  is  wholly  dependent  upon  your 
predictions." 

Tobacco:  "  Planters  in  central  Virginia  are  unanimous  as  to  the  value  of  the  predic- 
tions." 

Orange  groves:  "  The  predictions  of  firosts  and  northers  are  of  incalculable  value." 

887 
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« 

Shippers  save  perishAble  goods,  fi^i^i  oysltrs,  fish^  &c.f  from  injury  by  awaiting  predio- 
tions  of  fkYOxable  weather. 

Supeistition  and  ignorance  in  regard  to  weather  and  climate  has  been  largely  dispelled 
by  the  conviction  that  this  department  of  nature  can  be  made  subservient  to  the  intel- 
ligence and  necessities  of  man,  and  tliat  all  phenomena  obey  immutable  laws. 

Trohden  regulate  their  journeys  according  to  the  predictions. 

WhaUMU  dealers  and  brokers^  especially  in  great  staples,  regulate  prices  according  to 
the  predicted  character  of  the  remainder  of  the  season  as  affecting  the  crops. 

United  States  Fish  Commission  determines  the  adaptability  of  rivers  and  lakes  to  the 
cultivation  of  specific  species  of  fish  by  the  Signal  Service  reports  of  water  temperature 
and  in  all  this  work  utilizes  the  Signal  Service  predictions.  The  Signal  Service  predic- 
tions aro  disseminated  throu^out  Canada  and  the  West  Indies,  where  their  usefulneas 
is  recognized  as  generally  as  in  the  United  States. 


APPEN  DIX    No.    71. 

MEMORANDUM. 

D£8TBUCTiyE  F0BCE8  ATTBNDING  TOBNADOBS. 

From  the  examination  of  the  data  contained  in  the  works  referred  to  in  Memorandom 
No.  2  it  appears  that  during  the  passage  of  a  tornado,  buildings  and  other  objects  are 
subject  to  the  following  destmctiye  forces,  viz: 

A. —  Velocity  J  or  force  of  the  vnnd. 

1.  From  the  destruction  of  bridges  wind  pressures  of  from  18  to  27  pounds  per  square 
foot  have  been  demonstrated. 

2.  From  the  destruction  of  brick  buildings  wind  pressures  of  from  58  to  84  pounds 
per  square  foot  have  been  demonstrated. 

3.  From  the  lifting  up  and  transportation  and  destruction  of  loose  objects,  such  as  a 
barrel  of  tar,  a  locomotive,  a  stave,  a  heavy  log,  cattle,  &c.,  wind  pressures  of  52,  93, 31, 
112,  and  58  to  63  pounds  per  square  foot  respectively  have  been  demonstrated. 

4.  The  upward  pressures  are  oocasionally  shown  to  be  as  great,  if  not  greater,  than  the 
horizontal  pressures. 

5.  Downward  pressures  or  downward  movements  of  the  wind  have  not  been  clearly 
demonstrated. 

6.  Upward  velocities  of  60  meters  per  second  (135  miles  per  hour)  are  not  unusual,  if 
we  may  judge  from  the  effects  produced. 

7.  From  observations  of  the  Kobinson  anemometer  horizontal  wind  velocities  of  80 
miles  per  hour  (36  meters  per  second)  have  been  recorded  during  tornadoes,  subject  to 
a  reduction  to  about  65  miles  per  hour  for  possible  instrumental  errors.    But  as  velod- ' 
ties  of  18Q  mile^  per  hour  (reducing  as  before  to  140)  have  been  recorded  in  hurricanes, 
there  is  no  apparent  reason  why  the  latter  should  not  also  be  attained  in  tornadoes.  - 

B. — Area  exposed  to  deetructii^  windft. 

That  the  destructive  wind  velocities  previously  enumerated  are  confined  to  very  small 
areas,  such  as  10,  20,  or  100  feet  square,  is  shown. 

1.  By  the  narrowness  of  the  path  of  greatest  destructiveness,  the  destruction  of  fences, 
trees,  &c.,  is  frequently  visible  over  a  path  many  miles  long,  but  only  a  few  hundred 
yards  wide;  but  the  path  of  greatest  violence  is  very  much  narrower  than  this.  The 
excessive  cases  above  enumerated  are  observed  only  in  small  isolated  spots  le's  than  100 
feet  square,  unequally  distributed  along  the  central  portion  of  the  track;  hence  in  very 
large  buildings,  bridges,  &c.,  only  a  small  portion  is  liable  to  be  subjected  to  destructive 
wind  in  the  pajssage  of  a  storm. 

2.  In  the  different  portions  of  this  area  of  maximum  severity  the  winds  are  simul- 
taneously blowing  from  different,  perhaps  even  opposite  directions;  so  that  the  total  re- 
sultant of  the  winds  at  any  moment  is  not  so  much  to  overturn  or  carry  off,  or  crash  in, 
but  rather  to  twist  around  a  vertical  axis.  Thus  trees  are  found  twisted  off,  and  build- 
ings are  generally  lifted  up  and  turned  around  immediately  before  being  torn  to  pieces. 
Numerous  instances  of  this  last  action  are  given  in  the  tornadoes  investigated  by  Ser- 
geants Finley  and  Mackintosh. 

3.  As  the  central  area  of  maximum  intensity  is  comparatively  narrow  and  the  chances 
are  very  small'that  a  building  will  be  exposed  to  the  violent  twisting  action,  it  is  evident 
that  the  average  velocity  of  rectilinear  winds  within  the  general  path  of  moderate  de- 
struction is  the  one  most  necessary  to  provide  against  in  ordinary  structures.  These 
winds  may  attain  a  velocity  of  80  miles  per  hour  over  an  area  1,000  feet  broad,  and  gen- 
erally blow  from  the  southwest;  those  next  in  frequency  blow  from  the  northwest.  Of 
course  the  tendency  of  such  a  wind  upon  an  object  whose  center  of  inertia  does  not  coin- 
cide with  the  center  of  figure  will  be,  first  bf  all,  to  turn  it  around  through  an  arc  suffi- 
cient to  bring  these  two  centers  into  the  line  of  tlie  direction  of  the  wind,  which  partial 
rotation  may  occur  anywhere  within  the  path  of  the  tornado,  and  is  to  be  bistin- 
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goished  ftom  the  destructive  twist  that  is  experienced  by  bodies  that  lie  in  the  path  of 
maximum  intensity.  A  similar  problem  occurs  in  the  case  of  monuments,  stones,  &c, 
disturbed  by  earthquake  shocks,  as  was  first  pointed  out  by  Mallet. 

C. — 7h£  duration  of  tJtc  exposure. 

1.  The  time  during  which  an  object  is  exposed  to  these  destructive  winds  varies  from 
6  to  60  seconds;  the  general  average  of  a  laige^  number  of  cases  is  16  seconds.  It  is 
therefore  probable  that  the  maximum  winds  at  the  tornado  center  rarely  continue  longer 
than  the  lower  of  these  limits.  A  building  exposed  to  these  winds  experiences  but  one 
stroke,  like  the  blow  of  a  hammer,  and  the  destruction  is  done.  In  the  case,  therefore, 
of  a  suspension  bridge,  a  chimney,  or  other  structure  liable  to  be  set  into  a  system  of 
rhythmic  vibrations,  destructive  to  its  integrity,  the  effect  of  the  maximum  winds  m  in- 
ducing such  vibrations  is  reduced  to  a  minimum. 

2.  The  duration  of  the  heavy  southwest  and  northwest  winds  prevailing  over  the 
area  of  moderate  destruction  nearly  exceeds  two  minutes. 

D. — Vertical  wind  currents. 

At  the  spot  over  which  the  center  of  a  tornado  stands  at  any  moment  or  immediately 
beneath  the  funnel  or  spout  that  is  seen  descending  from  the  clouds  there  is  experieooed 
a  strong  vertical  current,  whose  tendency  to  destroy  and  carry  upward  is  greatly  assisted 
by  a  Ic^  diminution  in  the  barometric  pressure  within  t^e  funnel  by  virtue  of  which 
the  air  previously  confined  within  a  dwelling  exerts  an  outward  pressure  that  is  not 
counterbalanced  by  the  exterior  atmosphere.  The  amount  of  this  unbalanced  pressure 
is,  as  shown  by  Ferrel,  frequently  much  more  than  one  inch  of  mercury  or  a  half-pound 
to  the  square  inch,  and  may  easily  amount  to  ten  times-this  quantity;  of  course  the  in- 
terval during  which  this  expansive  force  is  exerted  is  but  a  few  seconds,  corresponding 
to  the  time  occupied  by  the  central  spout  in  passing  along  its  path,  which  motion  of 
translation  is,  on  the  average,  at  the  rate  of  30  miles  per  hour. 

* 

The  relative  frequency  of  tornadoes  during  the  months  of  the  year  is  as  follows,  begin- 
ning with  the  month  of  greatest  frequency:  July,  May,  June,  August,  April,  March, 
September,  February,  October,  November,  January,  and  December. 

F. 

The  geographical  distribution  of  247  tornadoes  from  1794  to  1678  was  as  follows,  viz : 

New  York 24  North  Carolina 7  Connecticut 4 

Indiana 20  Alabama 6  Miohisan 4 

Illinois 20  Minnesota 6  New  fiampohire 8 

Ohio 16  Mississippi 5  Arizona 2 

Georgia 16  Maryland 5  Louisiana ^..  2 

Iowa 11  VirKinia 5  Kentuclcy «  2 

Kansas 11  South  Carolina 5  Rhode  Island 1 

Pennsylvania 10  Massachusetts 6  Colorado „  1 

Tennessee 9  New  Jersey 6  Indian  Territory 1 

Missouri 9  Dakota 4  Maine -  1 

Nebraska 8  Wisconsin 4  Wyoming  Territory 1 

Texas 8  Florida 4  Montana «.  1 

New  Mexico 1 

162  61  24 

Total 2t7 

Doubtless  the  irregularity  in  this  geographical  distribution  is  largely  due  to  the  im- 
perfection of  our  fragmentary  records. 

The  distribation  with  reference  to  the  time  of  day  is  about  as  follows: 

Between  11  a.  m.  and  noon 4 

Between  noon  and  Ip.  m 2? 

Between  1  and  2  p.  m _.. 7 

Between  2  and  3  p.  m 7 
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Between  Sand  4  p.  m _ 5 

Between  4  and  5  p.  m 24 

Between  5  and  6  p.  m . _ __ _ 12 

Between  6  and  7  p.  m 7 

• 

The  lenuunder  are  equally  distributed  at  the  rate  of  about  two  per  hour  throughout 
the  other  hours  of  the  day. 

Memorandum  No.  2. 
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Vol.  43,  1842,  pp.  250-263.    W.  C.  Redfield's  Reply  to  Dr.  Hare. 

Vol.  43, 1842,  pp.  263-278.  W.  C.  Redfield.  Tomado  August  30,  1838,  at  Provi- 
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APPENDIX     No.     72. 

EXTRACTS  RELATIVE  TO  ELECTRICITY,  FROM  PIKE'S  PEAK  MONTHLY 

ABSTRACT  JOURNAI^. 

November  23,  1873:  Atmospheric  electricity  manifested  itself  when  line  was  broken 
by  a  crackling  sound,  when  binding-screws  were  touched,  and  bright  sparks  drawn  when 
stove-pipe  was  touched  by  my  fingers. 

December  7,  1873:  While  line  was  broken  I  heard  relay  working;  thinking  line  had 
been  repaired,  I  hastened  to  acyust;  received  a  severe  shock,  which  convinced  me  that 
something  stronger  than  our  battery  had  charged  the  wire.  Instrument  cut  out  and 
bghtning-arrester  screwed  closer.  In  a  few  minutes  a  continuous  stream  of  electricity 
passed  between  the  two  plates  of  the  arrester  with  a  loud  noise,  resembling  that  pro- 
duced by  a  child's  rattle;  the  fluid  passed  not  in  sparks,  but  in  five  or  six  continuous 
streams  of  light  as  thick  as  a  pencil  lead,  for  two  or  three  minutes  at  a  time,  with  short 
intervals  between.    This  continued  for  over  an  hour. 

December  11, 1873:  On  retiring  I  accidentally  touched  my  drawers  with  two  fingers 
of  my  hand  and  drew  two  sparks  from  them.  This  is  a  common  phenomenon  after  a 
snow-storm. 

January  12,  1874:  Electric  shocks. 

January  24, 1874:  Received  electric  shock  when  opening  stove-4oor;  as  usual,  it  was 
not  rei>eated. 

February  25,  1874:  Same  as  January  24. 

May  11,  1874:  During  the  entire  day  severe  shocks  were  felt  by  any  one  touching  the 
wire;  and  the  line  being  open  I  could  make  plain  signals  with  the  key  for  about  ten 
minutes. 

May  20,  1874:  P.  m.  report  could  not  be  sent  on  account  of  atmospheric  electricity 
(a  thunder-storm). 

May  21,  1874:  A  flash  of  fire  about  two  feet  long  leaped  irom  arrester  into  the  office, 
illuminating  the  rooms. 

May  24,  1874:  A  heavy  thunder-storm  passed  slowly  and  directly  over  the  Peak, 
large  sparks  passed  constantly  through  the  arrester,  while  a  strange  crackling  of  the 
snow  could  be  heard  at  times.  While  making  the  2  p.  m.  observation  I  heard  the  snow 
crackle  as  above-mentioned,  and  *felt  at  the  same  time  on  both  temples,  directly  below 
the  brass  buttons  of  my  cap,  a  pain  as  if  from  a  slight  bum.  Putting  up  my  hands 
there  was  a  sharp  crack,  and  all  pain  had  disappeared. 

May  29,  1874:  At  6.20  a  terrific  storm  commenced;  blinding  flashes  of  fire  came  into 
i  both  rooms  from  the  lightning  arrester  and  stoves;  loud  reports  followed  in  rapid  suc- 

cession. 

July  1,  1874:  A  party  of  visitors  were  caught  in  a  thunder-storm  not  f^  from  the 
summit,  and  all  state  that  they  experienced  peculiar  burning  sensations  on  face  and  hands 
and  heard  a  hissing  sound  proceeding  from  hair  and  whiskers. 

July  9,  1874:  Heavy  thunder-storm;  large  sparks  passed  through  the  arrester  during 
its  continuance.  Mr.  Copley  telegraphed  me  this  forenoon  that  l^e  twice  got  knocked 
down,  while  repairing  the  line,  by  electric  shocks. 

July  14,  1874:  Thunder-storm;  lightning  in  banning  very  severe;  I  received  a  very 
painful  shock  while  working  over  the  line  by  my  fingers  accidentally  touching  the  metal 
of  the  key. 

July  15,  1874:  Thunder  heard  in  the  distance  throughout  the  evening,  while  strong 
ground  currents  passed  through  the  arrester. 

July  16,  1874:  Severe  thunder-storm;  sharp  flashes  and  reports  came  through  the  ar- 
rester to  the  terror  of  several  lady  visitors;  outside  the  building  the  electric  effects  wero 
still  more  startling.  The  strange  cracklii^  of  the  haU  mentioned  before  was  again  heard, 
and  at  the  same  time  my  whiskers  became  strongly  electrified  and  repellant  and  gave 
quite  audible  hissing  sounds.  In  spite  of  the  cap  I  wore,  my  soJp  appeared  to  be  pricked 
with  hundreds  of  red-hot  needles,  and  a  burning  sensation  was  felt  on  hands  and  face. 
Several  of  the  visitors  who  were  outside  had  the  same  experience.  A  large  dog  who  had 
followed  his  master  outdoors  became  terrified  and  made  for  the  door  with  a  pitiful  howl. 
Lightning  was  seen  in  all  directions  in  the  evening,  and  ground  currents  passed  incessantly 
through  Sie  arrester. 
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Jxiiy  19,  1874:  A  severe  thander-storm  passed  (doee  over  the  Peak  between  1.30  and 
2.30  p.  m. ;  lightning  stmck  wire  between  2d  and  3d  poles  firom  the  house;  for  a  moment 
the  wire  resembled' a  rope  of  fire,  and  vibrated  violently  for  some  minutes  after  the  dis- 
charge; no  damage  done;  frequent  loud  diachaiges  took  place  along  the  ground  wire  be- 
tween it  and  the  rocks  on  which  it  rests;  hair  and  wh&kers  of  any  one  outdoors  were 
electrified  by  each  discharge. 

«/«ljr21, 1874:  Heaviest  thunder-storm  of  the  season  to-day;  lightning  terrific;  constant 
crackling  of  fallen  hail  and  peculiar  clattering  of  the  rocks,  as  if  shaken  by  subtenaneau 
oonvulaionsy  indicated  the  highly  electrified  state  of  the  summit. 

August  2,  1874:  I  was  obli^d  to  keep  the  telegraphic  instruments  cut  out  during  ih» 
greater  part  of  the  day. 

AuguHt  3, 1874:  The  lightning  rendered  the  line  almost  useless  the  entire  afternoon.  I 
^t  severely  shocked  when  sending  my  report. 

August  13, 1874:  Seventeen  visitors  to-day;  some  of  them  made  the  ascent  during  a 
severe  thunder-storm  and  were  much  alarmed  by  the  effects  of  the  electricity  upon  their 
hair;  one  of  them  declared  that  his  hair  stood  up  so  stiffly  as  to  lift  off  his  hat! 

October  5,  1874:  Severe  thunder-storm  below  summit  in  afternoon;  observer  severely 
shocked  whilst  calling  Fenlon  at  lower  station. 

May  22,  1875:  During  storms  to-day  (hail  and  snow)  electricity  quite  strong. 

Map  23,  1875:  Electricity  strong  at  intervals  during  day  and  night. 

May  24,  1875:  Hail  from  3^55  p.  m.  till  midnight,  accompanied  by  very  strong  electrio- 
ity,  decreasing  and  increasing  in  intensity,  a  notable  fact  in  all  haU-storms. 

May  25,  1875:  Electricity  has  shown  itself  nearly  all  day  with  variable  force;  hail  fre- 
quent during  the  day. 

May  29,  1875:  Hail  about  midday,  accompanied  by  electricity.  In  all  our  hail-storms 
the  fall  of  hail  entirely  ceases  for  about  a  half  a  minute  following  a  heavy  electric  discbaige, 
.and  the  hailiall  is  ooosidecably  heavier  £»r  some  little  time  following  the  discharge  than 
bei>re. 

Juiy  5,  1875:  Terrible  electric  storm  in  afternoon;  at  first  its  effects  were  felt  only  ^xf 
the  line,  but  about  2  p.  m.  its  presence  was  evident  everywhere  on  the  summit:  a  con- 
stant stream  of  flaxne  from  the  arrester;  a  constant  crackling  noise  heard  out  of  doors  as 
though  made  by  small  pistols.  , 

May  11,  1876:  During  hail-storm  at  7.30  I  was  compelled  to  cut  out  the  wires,  ow- 
ing to  intensity.  This  I  attempted  with  ungloved  hands,  and  learned  a  lesson  that  was 
an  impressive  one;  luckily  I  escaped  with  a  slig}itly  bruised  head  and  a  fearfhl  scare. 

May  25,  1876:  During  a  thunder-storm  the  wire  outside,  at  two  or  three  places;  kept 
up  a  peculiar  singing  noise,  resembling  the  singing  cricket.  I  have  previously  noticed 
that  the  singing  noise  is  never  heard  except  when  the  atmosphere  is  very  damp  and  rain, 
hail,  or  snow  is  fiUling. 

June  16,  1876:  At  5.20  p.  m.,  as  I  was  sitting  on  a  rock  near  the  monument  on  the 
•esstera  edge  of  the  summit,  a  blinding  flash  of  lightninj^  darted  firom  a  doud,  seeminf^ 
not  more  than  500  feet  NE.  of  me,  and  was  aooompamed  by  a  sharp,  quick,  deafening 
report,  and  at  the  same  time  I  felt  the  electricity  dart  through  my  entire  person,  jerking 
my  extremities  together  as  though  by  a  most  violent  convulsion  and  leaving  tingiUng 
sensations  in  them  for  a  quarter  of  an  hour  afterward.  Straine,  who  was  sawing  wood 
in  the  shedatthe  time,  received  a  similarly  violent  shock,  and  says  that  a  ball  of  lightning 
appeared  to  pass  through  the  storm-room  and  wood-shed  in  which  he  was  working,  leav* 
ing  behind  a  strong  sulphurous  smelL 

July  13,  1876:  Singing  on  the  wire;  it  also  seemed  to  come  firom  the  instrument  shel- 
ter and  the  house  as  well  as  from  the  wir&  Thunder  loud  and  continuous  during  the 
Afternoon. 

Juiy  23,  1876:  The  anemometer  stopped  working  on  account  of  the  electric  stonn. 
Privates  Straine  and  O'Keefe  were  shocked  while  trying  to  fix  it,  so  that  they  had  to  give 
it  up  until  the  storm  had  subsided  somewhat. 

August  18,  1876:  A  beautiful  phenomenon  was  observed  by  myself.  Private  Greenw^ 
and  four  visitorB.  The  peeuliar  singing  noise  (or  sissing  noise)  was  heard  again,  always 
before  in  day  but  this  time  at  night,  but  the  line  for  an  eighth  of  a  nule  was  distiiM^ly 
•outlined  in  brilliant  light,  which  was  thrown  out  firom  the  wire  in  beaatifhl  scintilla- 
tions. 

Near  as  we  could  observe  these  littie  jets  of  flame  very  plainly,  they  were  invariably 
in  the  shape  of  a  quadrant,  and  the  rays  concentrated  at  the  surfiioe  of  the  line  in  a  small 
mass  about  the  sise  of  a  currant,  which  had  a  bluish  tinge.  These  littie  quadrants  of 
light  were  constantiy  jumping  from  one  point  of  the  line  to  another,  now  pointing  In  one 
•direction,  then  in  another.  There  was  no  heat  to  this  light,  and  when  I  touched  the 
wire  I  could  only  feel  the  slightest  tingling  sensation;  not  only  was  the  wire  outlined  in 
this  manner,  but  every  exposed  metallic  point  and  surfiioe  was  similarly  tipped  or  cov- 
ered.   The  caps  of  the  anemometer  appesued  as  four  balls  of  fire,  revolving  slowly  round 
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a  oommon  center.  The  wind-vaae  was  outUned  with  the  eame  phosphorescent  light,  and 
one  of  the  visiton  was  much  alarmed  hy  sparks  which  were  plainly  visible  in  his  hair, 
though  none  app&ued  in  ours.     At  the  time  of  this  phenomenon  snow  was  falling. 

March  27,  1877:  Singing  noise  heard  upon  the  wire  to-day. 

3fay  12,  1877:  Hail-storm  accompanied  by  intense  electricity. 

Mojf  24,  1877:  Sergeant  Hobbs  and  Private  Greenwell  received  severe  shocks  duzing 
the  day.  • 

August  6, 1877:  Intense  electricity;  all  metal  objects  were  tipped  with  sparks. 

November  25,  1877:  Snow-storm  all  day^  attended  bv  intense  electricity,  which  conld 
be  heard  crackling  in  a  person's  hadr  continuously,  altnongh  no  reports  of  thunder  were 
heard. 

Deeeinber  26,  1877:  The  atmospheric  eldbtricity  was  very  intense  during  the  day,  and 
at  times  would  crackle  on  various  objects  in  the  room. 

January  25, 1878:  Several  thunder-storms  occurred  in  the  surrounding  parks  and 
gulches.  The  electricity  on  the  summit  was  veiy  intense,  causing  a  continuous  snapping 
of  the  lightning-arrester. 

May  12, 1878:  A  snow-stonn  commenced  during  the  night,  and  1  p.  m.  was  drifting 
furiously  by  a  rising  gale.  The  electricity  varied  with  wind-gusts,  and  was  so  intense 
sX  times  as  to  render  our  position  exceedingly  dangerous.  The  telegraph  wires  were  cut 
out,  b«t  violent  sparks  would  still  jump  six  inches  between  the  disconnected  windows. 
One  violent  discharge  seemed  to  have  occurred  in  the  chimney,  for  a  terrible  commotion 
was  caused  in  the  soot  and  ashes. 

May  24,  1878:  At  8  p.  m.  snow  commenced,  attended  with  severe  electricity,  lasting 
for  an  hour.  The  wires  had  to  be  cut  out  and  parted,  and  a  vivid  glaring  was  oontinu- 
ons  in  the  windows.  A  lamp  set  in  the  north  window  would,  with  its  flame,  cast  a 
shadow  on  the  cmposite  wall  for  several  seconds. 

July  1,  1878:  During  afternoon  sleet  fell,  accompanied  by  intense  electricity;  at  3.20 
a  violent  explosion  occurred  in  the  room  near  the  stove,  scattering  the  wood  and  knock- 
ing down  the  stovepipe. 

April  10,  1879:  The  telegraph  wire  heavily  charged  with  a  ground  current  of  electric* 
i^  this  evening,  and  it  was  with  difficulty  that  ai^ial  was  transmitted.  The  current  at 
times  was  entirely  reversed.   . 

JtmelO,  1879:  Light  sleet,  accompanied  by  thunder;  only  a  few  peals  were  heard,  when 
it  gave  way  to  a  strong,  steady  current  over  the  wire,  and  for  twenty  minutes  one  of  those 
electric  storms  peculiar  and  commoif  to  Pike's  PeeJc  prevailed.  A  queer  hisdng  sound 
issued  from  the  telegraph  line,  the  wind-vane  post,  and  other  posts  standing  in  a  deep 
snow-drift  near  \sj.  I  stepped  out  to  view  the  phenomenon,  but  was  not  standing  in 
the  snow-drift  long  when  the  same  buzz  started  from  the  top  of  my  head;  my  hair  be- 
<aune  restless,  and  feeling  a  strange  creeping  sensation  all  over  my  body,  I  made  quick 
steps  for  the  station.  Once  inside  upon  the  dry  floor  the  effects  soon  left  me.  After 
getting  inside  I  opened  the  telegraph  key  and  found  a  continuous  bright  spark  passing 
betweeii  the  key  and  the  anvil,  even  when  they  were  separated  one-eighth  of  an  inch, 
and  by  putting  two  thicknesses  of  writing-paper  in  this  space  it  was  scorched  and  per- 
forated by  numerous  burnt  holes.  By  accident  I  completed  the  circuit  with  both  hands, 
when  I  received  a  shock  that  set  me  back  on  the  floor. 

June  29,  1879:  Thunder-storm  (very  severe)  11.10  to  11.30  a.  m.,  during  which  time  a 
bolt  passed  through  the  arrester  with  a  report  exceeding  that  of  a  nfle,  and  threw  sparks 
sdl  over  the  office.  The  suddenness  and  violence  of  the  shock  stunned  me,  so  that  it  was 
a  little  while  before  I  could  realize  what  had  happened. 

Augutt  11,  1879. — ^During  passage  of  a  thunder-storm  over  the  peak  a  great  amount  of 
atmoepheric  electricity  was  manifested. 

August  12,  1879. — Heavy  snow  and  sl^eet  began  fidling  at  5.30  p.  m. ;  at  5.40  p.  m.  a 
bolt  of  lightning  went  through  the  arrester  with  the  report  of  a  rifle,  throwing  a  ball  of 
Are  across  the  room  against  the  stove  and  thin  sheathing.  The  wood  packers,  Messrs. 
Wade  and  McDonald,  had  taken  refhge  in  the  station  for  a  few  minutes,  but  concluded 
that  this  was  rather  an  uncomfortable  place  during  a  storm  and  left  immediately. 
Their  dog,  however,  was  far  in  advance  in  seeking  shelter  outside.  Mr.  Wade  declared 
that  the  Ughtning  struck  him  in  his  feet  and  legs.  At  6  p.  m.  the  lightning  struck  the 
wire  and  building  at  the  north  end,  where  the  wires  come  through  the  window,  and 
arrester  with  a  crash  equal  to  any  4o-pounder.  It  burned  every  one  of  the  four  Wires 
coming  in  at  the  window  into  small  pieces,  throwing  them  with  great  force  in  every 
direction,  and  fllled  the  room  with  smoke  firom  the  burned  gutta  percha  insulation;  the 
window-sash  was  splintered  on  the  outside,  one  pane  of  glass  tooken  and  another  coated 
with  melted  copper.  The  anemometer  wires  were  also  burned  up,  and  the  dial  of  the 
anemometer  burned  and  blown  to  pieces.  Private  Sweeny  was  about  deaf  for  some  time 
afterwards.  One  piece  of  the  wire  was  thrown  with  such  force  that  when  it  struck  the 
ijarometer,  three  feet  distant)  it  was  wound  around  it)  without,  however,  doing  any 
damage  to  the  barometer. 
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Jvl^  2,  1880. — ^Line  works  poorly  on  account  of  storm,  each  flash  of  lightning  cansing 
the  instrament  tx>  be  thrown  out  of  a^jnstment;  the  signals  at  midnight  were  gotten  off 
with  great  difficulty. 

jMiy  19,  1880. — ^Atmospheric  electricity^  quite  preralent  during  the  evening 

Jvly  21, 1880. — Hail  in  afternoon  and  night,  aooompanied  by  heavy  flashes  of  lightning, 
which  played  around  the  arrester  and  exploded  with  great  Ibrce. 

Jii^  23,  1880. — ^Hail,  rain,  and  snow  during  the  day;  ended  at  5.40  p.  m.  Intenso 
ground  currents  during  prevalence  of  storm. 

JwM  23,  1881:  A  light  fall  of  hail  accompanied  by  terrific  flashes  of  lightning,  which 
snapped  on  the  lightning  arrester  and  exploded  with  great  violence. 

Jvly  4,  1881:  During  the  progress  of  the  rain-storm  it  was  accompanied  by  the  heaviest 
discharges  of  lightning  and  thunder  that  I  ever  witnessed  in  all  my  experience  at  this 
station.  The  lightning  snapped  on  the  arrester  and  exploded  with  great  violence  in  the 
office;  several  times  during  the  evening  I  was  certain  that  the  station  building  would  be 
struck  and  demolished,  as  the  lightning  was  almost  continuous. 

AvugwA  21,  1881:  Heavy  hail  ^gan  falling  at  12.30  p.  m.:  continued  at  intervals  until 
4.15  p.  m.,  when  it  ceased.  The  hail  was  acoomx>anied  oy  the  heaviest  discbaiges  ef 
lightning  that  I  ever  witnessed  in  all  my  experience  at  this  station.  It  was  impossible 
to  remain  in  the  office  during  the  progress  of  the  hail-storm,  as  the  lightning  was  almost 
continuous  and  snapped  and  exploded  in  all  directions,  so  that  I  was  compelled  to  retreat 
to  the  kitchen  for  safety.  The  southwest  portion  of  the  station  building  was  struck  by 
lightning,  but  no  damage  of  any  consequence  was  done,  nor  was  the  station  building 
impaired  by  the  shock.  The  lightning-arrester  and  ground  wires  were  badly  damaged, 
but  the  worst  feature  of  the  storm  was  the  fact  that  both  the  station  and  extm  barome- 
ters were  also  struck  and  the  cisterns  of  both  cracked.  Ihiring  this  storm  a  sheep  herder 
was  killed  by  lightning,  and  when  found  was  stripped  of  his  clothing  and  boots;  he  had 
taken  refuge  under  a  tree. 


APPENDIX     No.   73. 

ON  THE  RETARDATION  OF  THE  MAXIMA  AND  MINIMA  OF  AIR-PRESSURE 

AT  HIGH  STATIONS;  BY  H.  A.  HAZEN,  A.  M. 

In  his  tenth  paper,  published  in  the  American  Journal  of  Science  for  Januaiy,  1879, 
Professor  Loomis  advanced  certain  evidence  to  show  that,  apparently,  the  progress  of  a 
storm  center  was  much  more  rapid  at  the  surikce  of  the  earth  than  at  elevations  above 
it.  Many  arguments  have  been  advanced  by  others  for  and  against  this  theory.  It  is 
the  purpose  of  this  article  to  put  forth  certain  &cts  which  have  come  to  light,  and  which 
it  is  hoped  will  tend  to  ^ucidate  the  subject. 

Many  years  ago  it  was  noticed  from  hourly  observations  at  Zurich  and  at  the  summit 
of  the  Rigi  that  while  the  morning  maximum  in  the  diurnal  range  of  air-pressure  oc- 
curred at  the  lower  station  at  10,  it  did  not  occur  at  the  summit  of  the  mountain  until 
2  p.  m.  Professor  Loomis  writes  (American  Journal  of  Science,  January,  1879,  pp.  11 
and  12):  '^Over  the  United  States  both  the  maxima  and  minima"  [of  accidental  fluo- 
tuations]  **of  atmospheric  pressure  generally  occur  first  near  the  surface  of  the  earth,  ^ 

and  they  occur  later  as  we  rise  above  the  surface,  the  retardation  amounting  to  one  hour 
for  an  elevation  of  from  900  to  1,300  feet. "  He  says  again  (pp.  13  and  14) :  '*The  diur- 
nal movements  of  the  barometer  exhibit  a  i)eculiarity  similar  to  that  found  for  the  acci- 
dental fluctuations.  The  principal  maximum  occurs  at  the  base  at  half-past  8,  but  on 
the  summit  it  does  not  occur  until  noon,  being  a  retardation  of  three  and  a  half  hours, 
which  is  almost  identically  the  same  as  we  have  found  by  a  comparison  of  the  accidental 
fluctuations. '  *  He  says  further  (p.  19) :  '  *  The  low  center,  at  the  height  of  Mount  Wash- 
ington sometimes  lags  behind  the  low  center  at  the  surface  of  the  earth  apparently  as 
much  as  200  miles." 

The  Rev.  Clement  Ley,  of  England,  in  a  paper  published  in  the  Quarterly  Journal  of 
the  Meteorological  Society  for  July,  1879,  adopts  this  statement  advanced  by  Professor 
Loomis  in  support  of  his  hypothesis  that  the  storm  center  lags  behind  at  elevations  as 
shown  by  his  own  observations  of  cirrus  clouds.  Mr.  Strachan  in  discussing  this  point 
as  brought  out  by  Mr.  Ley  has  shown  that,  taking  the  average  velocity  of  a  storm  center 
as  20  miles  per  hour,  and  a  retardation  of  one  hour  per  each  thousand  feet  of  ascent,  the 
axis  of  the  storm  center  must  be  inclined  89^.5  to  the  vertical,  or,  in  other  words,  lie 
almost  parallel  with  the  earth's  surfboe. 

Professor  Ferrel,  in  his  paper,  '*  Meteorological  Researches  for  the  use  of  the  Coast  ' 
PUot,  Part  II,"  has  advanced  the  theory  that  a  storm  center  la^cs  behind  at  the  earth's 
anrfliee.  and,  speaking  of  the  apparent  contradiction  of  the  researches  of  Prafesior  Loomis, 
says:  ''These  results  of  Professor  Loomis  show  too  much  for  this  hypothesis  "  [that  the 
axis  of  a  "low"  is  retarded  at  elevations],  "for  they  sbctw  that  tiiere  is  a  similar  re- 
tardation of  just  about  the  same  amount  in  the  times  of  the  m^^'HTnii  and  minima  of  the 
diurnal  changes  of  barometric  pressure  at  the  summits  of  mountains,  and  we  cannot 
reasonably  explain  this  by  means  of  cyclones  with  reclining  axes.  When  we  shall  have 
a  satisfactory  explanation  of  this  retardation  in  this  latter  case  we  shall  probably  have 
one  in  the  other." 

In  discussing  the  probable  cause  for  this  retardation,  the  influence  of  high  winds  and 
of  variations  in  temperature  will  be  considered,  and  the  theory  that  it  can  be  caused  by 
the  lagging  of  the  axis  of  a  "low"  abandoned  as  untenable,  for  this,  if  for  no  other 
reason,  that,  unless  a  secondary  force  acts,  it  is  exceedingly  difficult  to  conceive  how 
any  fall  of  pressure  at  the  summit  of  a  mountain  would  not  make  itself  felt  at -the  same 
time  at  the  base  through  the  superincumbent  atmosphere. 

If  a  strong  current  of  air  con  produce  a  depression  of  the  mercurial  column  or  a  ba- 
rometer, as  has  been  shown  by  using  a  blower  for  the  air  eurrent  and  an  air  tight  receiver 
for  the  barometer  (a  condition  of  things,  however,  which,  it  should  be  borne  in  mind, 
can  never  occur  in  nature),  then  why  may  not  the  high  wind  which  nearly  always  ac- 
companies a  storm  cause  a  fall  in  air-pressure,  which  shall  continue  as  long  as  the  wind 
is  strong  at  the  summit  and  some  time  after  the  storm  center  has  paraed  the  base? 

It  is  exceedingly  desirable  that  special  experiments  be  made  under  natural  conditions, 
directly  testing  the  influence  or  non-influence  of  high  winds  on  the  indications  of  the 
barometer.  In  the  absence  of  such  experiments  we  may  indirectly  ascertain  such  in- 
fluence by  comparing  observations  made  at  the  same  moment  of  time  at  the  summit  and 
base  of  mountains.     The  materiala  for  such  oompariaon  exist  in  manuscript  copies  of 
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hourly  observatioiis  at  the  base  and  snmmit  of  Mount  WashingtoxL  dnring  May,  1872, 
and  in  the  hourly  observations  of  May  and  June,  1873^  made  at  the  same  stations.  The 
latter  have  been  published  in  the  annual  report  of  the  Chief  Signal  Officer  for  1873. 
These  stations  lie  three  miles  apart  in  a  horizontal  direction,  and  hence  we  may  oompnte 
with  a  near  approach  to  accuracy,  from  the  observations  for  pressure  and  temperature, 
the  difference  of  level  between  them,  by  the  use  of  Guyot's  hypsometric  formula. 

In  order  to  show  that  varying  temperature  does  not  appreciably  affect  the  relatlYe  re- 
sults of  such  computation,  the  Ybllowing  comparisons  are  given. 

At  a  recent  meeting  of  the  Washington  Philosophical  Sxaety,  Prof.  G.  K.  Gilbert,  of 
the  United  States  Geological  Survey,  gave  a  method  for  determining  differences  of  eleva- 
tion where  air-pressures  are  observed  at  three  or  more  neighboring  stations  having  dif- 
ferent heights,  which  may  be  outlined  as  follows:  Let  P,  P^  and  V  represent  the  ob- 
served air-pressure  at  stations  A,  B,  and  Cj  then  will  the  formula 

H  =  C(logP-logP0/(0/(OWi^) (1) 

express  the  difference  in  height  between  A  and  B,  and 

H'=C(logP-P^^M<MO)/(m) (2) 

the  same  for  A  and  C;  dividing  (1)  by  (2)  we  have 

H    _logP-lQgP^     .p. 
W       log  P— log  V  ^     ' 

if  now  we  have  either  H  or  H^  given,  we  may  compute  the  other  without  referring  to 
temperature,  latitude,  or  moisture. 

During  the  month  of  June,  1873,  hourly  observations  were  made  at  the  base  and  sum- 
mit of  Mount  Washington  and  at  two  intermediate  stations.  Considering  forty-three 
cases  taken  at  random,  I  find  twenty-three  of  them  in  which  the  mean  height  of  the 
summit  above  the  base  is  too  small,  by  Gilbert's  and  Guyot's  formula,  46  and  55  feet  re- 
spectively; while  the  remaining  twenty  cases  give  a  value  too  great  by  51  and  48  feet. 
We  may,  therefore,  in  comparing  relative  heights,  neglect  the  effect  of  varying  tempera- 
ture as  introduced  by  computations  vdth  Guyot's  formula. 

If  the  wind  affects  the  pressure  directly,  we  would  expect  that  the  computed  dif- 
ference of  level  would  be  the  same  as  the  true  difference  when  there  was  no  wind,  and 
would  gradually  increase  as  the  wind  increased,  unless  there  were  some  causes  beside 
pressure,  temperature,  and  wind  affecting  the  computation.  I  have  grouped  these  com- 
puted differences  in  elevation  according  to  the  force  of  the  wind,  as  may  be  seen  in 
Table  I. 

In  the  following  table  for  May,  1872,  all  winds  under  10  and  above  40  miles  per  hour  are 
included,  and  in  May,  1H73.  all  the  cases  except  a  few  which  were  omitted  because  of 
serious  errors  in  the  observations.  The  table  shows  this  remarkable  peculiarity,  that^ 
though  with  winds  above  61  miles  per  hour,  the  mean  computed  difference  in  height  ia 
too  great  by  66  feet,  with  winds  under  10  the  mean  difference  is  too  small  by  35  feet. 
We  conclude,  then,  that  some  other  cause  must  produce  the  results  or  must  act  in  con- 
junction with  the  wind.  Taking  winds  above  61  miles  per  hour,  I  have  found  ten  cases 
in  which  the  height  was  too  small  by  about  15  feet;  also,  a  great  number  of  cases  in 
which,  though  the  wind  continued  strong  from  the  same  direction,  yet  the  computed 
height  continually  became  less,  showing  Siat  the  wind  does  not  produce  a  direct  effect 
upon  the  indications  of  the  barometer.  * 

Table  I. — Mean  amount  to  he  added  to  the  true  difference  in  height  between  the  eummU  and 

haee  of  Mount  Washington  to  give  the  computed  difference. 

[Wind  foroe  in  miles  per  hour.] 


Date. 


May,  1872.. 
May,  187a 


OtolO. 


77 
104 


o 

4 


Feet. 
—27.1 
-43.5 


11  to  20. 


25 

134 


a 
o 


Feet. 
—18.6 
—22.0 


21  to  90. 


80 
183 


a 
p 
o 

I 


Feet 
—8.1 

+4.1 


81  to  40. 


43 

186 


9 

O 

4 


Feet. 

•fl3.8 

+15.6 


41  to  SO. 


65 

09 


o 

4 


FeeL 

+10.6 

+34.9 


51  to  60. 


32 

61 


P 
O 

4 


Feet. 

+S3L0 

+52.4 


Above  6L 


GO 
27 


I 

o 

4 


+«L4 
•fSO.1 
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On  projectiiig  the  cnrves  of  pressure  in  connection  with  the  oompnted  elevations,  we 
find  that  there  is  a  striking  uniformity  in  the  occurrence  of  small  and  large  differences  of 
elevation  with  the  maxima  and  minima  of  pressure,  the  least  coinciding  with  high  press- 
ure and  the  greatest  with  low.  Grouping  a  second  time,  then,  with  respect  to  &e  max- 
ima and  minima  of  pressure,  we  have  Table  II. 

Table  II. — Mean  amounU  to  he  added  to  the  true  difference  in  height  between  the  summit  and 

base  of  Mount  Washington  to  obtain  the  computed  difference. 


Date. 


May,  1872 ;. 

May»1878 

January,  Febniary,  March,    October, 
November,  December,  1880. 


Locality. 


Mount  Washington  and  base.. 
Mount  Washington  and  base.. 
Mount  Washington  and  mean 
of  B.  and  P. 


Maxima  of 
pressure. 


81 
102 
119 


Ftet. 
—92. 6 
-4J1.8 
—29.1 


Minima  of 
pressure. 


70 
137 
120 


I 


+67.4 

+67.8 

+127.0 


In  the  above  table,  as  the  first  two  horizontal  rows  of  figures  apply  only  to  observa- 
tions for  the  month  of  May,  I  have  added  a  third  set  of  figures  for  thie  summit  of  Mount 
Washington  conf^red  wi&  the  mean  of  Burlington  and  Portland  as  the  base,  and  comg 
puted  for  observations  taken  at  7  a.  m.,  3  p  m.,  and  11  p.  m.,  Washington  time,  durin- 
January,  February,  March,  October,  November,  and  December,  1880.  Burlington  and 
Portland,  near  sea-level,  lie  on  opposite  sides  of  Mount  Washington  and  at  distances  alto- 
gether too  great  to  give  the  best  results;  if,  however,  we  take  the  mean  of  the  two  we 
shall  obtain  an  approximate  value  for  the  base  of  the  mountain. 

It  is  evident  from  Table  II  that  during  the  prevalence  of  relatively  high  pressure 
elevations,  computed  barometrically,  will  in  general  be  too  small,  and,  on  the  other 
hand,  when  the  pressure  is  low  the  computed  heights  will  be  too  great.  This  &ct  also 
explains  the  coincidence  of  too  great  computed  heights  with  high  winds,  for  the  reason 
that  the  highest  winds  always  occur  with  relatively  low  pressure;  on  the  contrary,  when 
the  wind  is  light  the  pressure  is  generally  high.  We  may  conclude,  then,  that  the  same 
cause  which  produces  the  maxima  and  minima  of  pressure  controls  also  the  different 
values  of  computed  elevations,  and  that  high  winds  are  rather  an  accompaniment  than  a 
direct  cause  of  the  same  variatioiis. 

May  not  the  apparent  lagging  of  the  axes  of ' '  highs ' '  and  ''  lows ' '  be  due  to  the  effect 
of  varying  temperature.  The  general  tendency  of  high  temperature  being  to  expand  the 
air  and  force  it  from  the  lower  levels,  above  the  summits  of  mountains,  and  of  low  tem- 
perature to  produce  an  opposite  effect,  we  should  expect  at  elevated  stations  high  press- 
ure with  high  temperature  and  low  pressure  with  low  temperature.  This  principle  is 
well  illustrated  by  the  Signal  Service  observations  of  pressures  on  Mount  Washington 
and  Pike's  Peak.  In  January  the  mean  pressures  are  23^^.393  and  17''^.512  at  the  two 
X>oints  respectively,  while  in  July  they  are  23^^.894  and  18^'.  078.  The  same  results 
would  follow  the  accidental  fiuctations,  whenever  there  might  be  a  steady,  gradual  rise 
or  fall  in  temperature  for  a  sufficient  period  of  time.  When  a  * '  low ' '  has  passed  a  station 
at  sea-level,  the  temperature  frequently  fsX\a  steadily  with  a  west  wind  and  the  result  is 
a  contraction  of  the  air,  which  causes  its  withdrawal  from  the  upper  atmosphere  and  a 
further  fall  in  pressure  there.  This  process  will  continue  until  the  fall  caused  by  the 
low  temperature  is  counterbalanced  by  the  rise  due  to  the  advancing  high.  The  reverse 
of  this  may  take  place  at  the  passing  of  a  *'  high. ''  In  order  to  ascertain  the  infiuence 
of  varying  temperature  as  suggested  above,  I  have  projected  the  pressure  curves  for  a  sin- 
gular case  at  Pike's  Peak,  in  which  the  minimum  occurred  forty  hours  earlier  at  Denver 
ihaa  at  Pike's  Peak;  also  for  a  case  in  which  the  minimum  for  Burlington  and  Portland 
occurred  twenty-four  hours  earlier  than  on  Mount  Washington. 

Referring  to  the  curves  and  the  temperatures  at  Pike's  Peak,  we  see  that  on  November 
14,  at  the  7  a.  m.  observation,  the  mean  temperature  of  the  air  column  was  company 
tively  low  and  the  pressure  at  a  maximum  at  Denver;  the  temperature  gradually  in- 
creased to  3  p.  m.  of  the  15th,  and  though  there  was  a  steady  fall  in  pressure  at  Denver, 
yet  it  rose  on  Pike's  Peak  until  7  a.  m.  of  the  16th;  from  this  point  the  pressure  rose 
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Bteodilj  at  Deader  under  the  inflnence  of  an  extraordinary  cold  nave;  this  same  cold 
wave  redaeed  the  pressure  on  Pike's  Peak,  wliicli  did  not  reach  its  miniionin  till  7  a. 
m.  of  tlie  17th,  or  forty  hours  later  than  lit  Denver.  On  a  comporiBon  of  the  curi'ee  at 
Mount  Washington,  we  see  another  illuHtcation  of  the  same  uatare. 

If  now  we  apply  the  same  reasoning  to  the  maxima  and  minima  of  the  diam^  range 
of  pressure  at  the  hnse  and  summit  uf  mountains,  we  shall  find  that  it  aBbrds  a  satis- 
i'actory  eicplanatioa  of  the  retordution  at  the  sumniite.  For  the  purpoeeof  compariwin 
1  hare  taken  the  hourly  obser\'ations  at  Mount  Washington  and  base  in  May,  1ST*2  and 
\tf73,  and  in  June,  1873;  also,  a  manuscript  copy  of  hourly  ohaen'ations  mikde  by  the 
observers  of  the  United  Stales  Signal  Service  iit  Pike's  Peak  and  Colorado  Springs  dar- 
ing August  and  September,  |i-<74.  The  means  for  each  hour  liavo  been  embodied  in 
Table  III.  The  differeuee  in  level  between  thi'  1>a.se  an<l  summit  of  Mount  'Washington 
is  3,590  feet,  Qud  between  Pike ".s  Peak  aud  C'oIoruUoSiirings  it  is  8,100  feet. 

0/  the  niinimam  uf  Jiri ««!•.■  .il  /Vic"-.  I'l-nl.;  Xm-™brr  15  and  16,  1880. 


Colorado  Springs. 


JTowK  Watlmtglon  and  mean  of  Bartingtoa  and  Portland,  November,  1880. 


Cnrveo  of  lur-preasure. — Fio.  48, 
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The  figores  in  this  table  have  been  compnted  from  the  original  ob6eTyation&  Unfor- 
tunately the  hourly  observations  of  1872  and  1874  were  continued  only  during  the  day 
hours;  they,  howeveri  give  satis&ctory  results  for  the  principal  morning  maTimuTn  and 
afternoon  minimum.  A  marked  peculiarity  will  be  noticed  in  column  two  in  the  meonii 
of  the  observations  for  7  and  8  a.  m.,  namely,  a  steady  f&\l  during  these  hours.  This  i^ 
due  not  to  natural  causes  at  all,  but  to  the  fact  that  at  the  midnight  observation  the 
barometer  was  pushed  into  its  case  and  locked  up.  In  this  position  the  temperature 
indicated  by  the  attached  thermometer  was  lower  than  that  of  the  room,  consequently, 
by  the  time  of  the  second  observation  the  next  morning,  after  the  barometer  had  been 
suspended  for  an  hour  iu  the  room,  the  temperature  of  the  air  in  the  room  would  be 
indicated  by  the  attached  thermometer,  while  the  mercury  and  scale  of  the  barometer 
would  change  their  temperature  much  more  slowly,  and  the  correction  for  temperature 
being  too  great,  the  readings  of  the  barometer  were  made  too  small,  until  the  different 
parts  of  the  instrument  had  attained  a  common  temperature.  The  attached  thermom- 
eter at  the  base  indicates  that  the  ol)servations  there  were  not  made  in  the  living  room, 
or  else  that  the  fire  in  the  room  was  very  low.  (See  note  at  foot  of  Table  III.)  It  will 
be  noticed  that  in  each  case  after  the  morning  maximum  of  pressure  was  reached  at  the 
base,  the  mean  temperature  of  the  air  column  was  rising,  and,  in  consequence,  the  press- 
ure did  not  begin  to  fall  at  the  summit  till  some  time  had  elapsed.  For  the  afternoon 
minimum  a  reverse  of  the  conditions  and  effects  is  noticeable.  One  interesting  circum- 
stance should  not  be  overlooked:  while  at  Mount  Washington  the  lagging  in  Sie  mom- 
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ing  was  three  hoQTB  and  a  half  for  3,590  feet,  or  one  hour  to  1,000  >  feet;  at  Pike's 
Peak  it  was  only  two  hours  for  6,100  feet,  or  one  hour  to  4,000  feet.  This  is  due  in  part 
to  the  fkct  that  after  the  morning  maximum  the  &11  in  pressure  was  much  more  rapid  at 
the  lower  western  station  than  at  the  eastern,  and  this  oounterbalanoed  the  rise  in  pres- 
sure at  the  summit  due  to  the  increase  of  temperature. 

Again,  we  see  that  in  the  single  case  we  have  of  observations  through  the  night,  there 
is  little  or  no  retardation  in  the  morning  minimum  and  night  maximum.  This  is  pre- 
cisely what  we  might  conclude  from  the  iact  that  during  this  time  the  temperature 
changes  only  slightiy^  though  little  stress  can  be  laid  upon  this  because  the  oscillation 
is  correspondingly  small. 

Another  cause  for  a  portion  of  the  retardation  may  be  considered  to  be  the  sluggish- 
ness in  action  of  the  summit  barometeis,  or  again,  to  be  the  slowness  with  which  the 
air  at  the  maxima  and  minima  of  pressure  would  enter  and  leave  the  room  where  the 
observations  were  made,  undoubtedly  less  accessible  to  the  atmosphere  at  the  summit 
than  at  the  base.  These  last  two  causes,  however,  would  be  of  little  consequence  in 
producing  the  results  noted. 

May  we  not  be  enabled,  by  a  sufficient  number  of  carefully  conducted  observations, 
extending  over  a  year,  at  ti^e  base  and  along  the  side  of  Pike's  Peak  or  some  other 
isolated  mountain,  to  determine  the  cause  of  the  diurnal  range  of  air  pressure,  which 
has  been  characterized  as  the  moat  persistent  of  all  meteorologiad  phenomena  and  never 
as  yet  satis&ctorily  accounted  for?  If  the  above  discussion  assigning  varying  tempera- 
ture as  the  cause  of  the  apparent  retardation  of  the  axis  of  a  **low"  at  high  stations 
prove  satisfactory,  it  vnll  aJso  show  the  great  difficulty  which  inevitably  attends  any 
attempt  made  in  comparing  pressures  observed  at  elevations  above  the  earth  with  those 
observed  at  the  same  time  at  sea-level. 

As  many  errors  have  been  pointed  out  by  Professor  Gilbert  in  the  previously  pub- 
lished hourly  observations,  and  as  the  observations  at  Pike's  Peak  and  Colorado  Springs 
have  never  been  published,  it  has  been  deemed  best  to  publish  them  at  the  present 
time. 


BEFOBT  OF  THE  CHIBF  SIOMAIi-OFFIOBB. 


908 


I 
I 


S 


I 


I 
I 


^ 


•wd^STTI 


'm'dft 


si§§§assi§  i;sgigS2§gg  ss§§§sii§§i 

iHiHOfNlHrHv^iHOiH    IH  iH  iH  iH  ^  »-« iH  i-i  ©  O    IHiHOHiHiHO  ©  »-*lHlH 


gillSSSggS  8gli§3ls^S  §Sg§S§glSg§ 

r^rAriririririr^dri    rir^ririr^r^ririoO    r^ f4 © iH © iH  C> g5 rt i-J i-I 


tD'dl 


tn  'dtSf 


*ni*d  t 


'dg 


§§§§§§§g|§  piSiBSSgg  g§3il3SI§§S 

r(^Or4i-ii-ir<«p^i^fH    p4 1-4  r-4  r^  i-i  ^  pH  i-t  C^  ©    p4  r^  C>  r4  ©  p^  O  C>  iH  i-t  r^ 


iiii§§§s§§§  §§iis§§§^s  i§§s§§i§§§§ 

rHrHC>*4iHi-4iHp4p-!p4    i-ip^pH^^pH^iHC)©    rH^©lH©^©©i-4iHiH 


§§i§§i3i§s  §siisss§sg  iS8iis§§3§§ 

lHl-4C>iH^rHlHl-JiH^     l-i  iH l-i  p-t  M  p4  iH  fH  ©  C)     r^  ^  ©  lH  ©  ^  G>  ©iHiH  f4 


SSg§§§§9IS  SSSSHSSSIg  SS§§I§S§§S8 

HfHHfHi-lfHi-<l-4©0     ©l-(OH©fH©©(-l(-l(-l 


|H©©| 


•  •  • 


'm  *ds 


g§g§§§i§s8  ai§ss§i§sg  iss§s§g§§i§ 


H  H  ©  IH  •><  H  1-7 IH  iH  *i4 


•      ••••  •••■••••  ^^  ^^ 


©O    ep4©lH©iH©©lHlHiH 


•ui'di 


•noon 


•m-^n 


sgissiisii  isssssaisg  si§§ss§§s3^ 

l-i  1-4  ©  iH  ^  l-l  iH  iH  iH  iH    MlHlHHiHiHfHH©©     O  M  O  iH  O  fH  iH  ©  iH  fH  p^ 


8l§gS§§§i§  igisssaisg  8§glS§§§§8g 

p4lHi-4fi4iHlHMiHl-(i-i    iHiHlHMl>4l4lHiHdd    dp4dM  C>lH  p4C»l-Il-{f-{ 


K8l§§i§8§l  giggSSSaSg  8SS§g§i§§SI 

^^0'r4.H',H,HM.H*H*  p4M'^'H*^'p4.H'M'd©'  ©' M  ©*  ,4  ©' p4  ,H  ©' r4  p4  ,H 


in'^oi 


•ra-^ft 


sgi§3igis§  gig^esssgg  §8§gisi8§§i 

f4iHiH(-«^i-«fH(-!fH^  iH«HfH^Ml-!lH|HC>C>  C»  P^C>  *H  d  1*4  M  C>  M  iHlH 


2gi§s§§isa  g§ii§sss§g  3§s§g§iigi§ 


Idd  diHC>r4c>^*-4C>^iHiH 


•CB  •«  us'l 


i§iiiggi§i  liiissssia  gsiis§§§i§g 


I©©    ©iM©i-l©iHrH©iMiHi-l 


in  •«  jL 


si§§ii§ii§§  iiiggssHis  i§§i§i§§ii§ 

rH  f-4  l-i  ©  iH  IH  iH  iH  ^  (H     I-!  I-!  1-4  1-4  (H  iH  l-i  iH  d  C>     d  i^  O  ^  d  r-4  •-!  ©  iH  iH  I-? 


•ra  "wg 


SSSS^S^SS^S  iSS§SB^§S§  i§Ssii§§SSi 

eio©9M©f-iiHr-io  ^©oc4Eoe4iHiH9to  aOi-i©ooiO(HOk©elo 

Ht-ip^diHrHiHiHrHpH    iHi-!i-tf-4i-ii4fHp-!d©*    di-*di-idiHr^di-4i-«r^ 


i 


i 


§ 

r4 


I 


,^«w^«dtiaddg'  -j£i«3as5SS8  sasissssigissri 

>«>»^>»bt^^>»>>^  bbbbb^bbbb  bbbbbb^bb2?b 

mmim  ^mmii^  mmim^ 


8 


d 

8 


i 

a 

I 

5 


904 


BBPORT  OF  THE  CHIEF  SiaSTAL-OFFIOEB. 


I 

I 
I 

I 


I 


'm-diffU 


*in*de 


6SSSE3SSS;ti:S$  99SS3)eS9$9  S9SS!$«^SS99 


!^S3S3S8!S:i;9@S  29^SSeS9$9$  $SS899S9$$;t 


*m'd9 


89;t^<9SS€S  SSSi;29^S{SS2  S!8^^gS999 


'xa'd  uif 


i$9S39;3:SSS2  SS^29;i:S€6S  SSSSSS^S^SS 


*ax*df 


83SSSSSS9SSSS  SS9S99SSS2  9S86SS3S;i!S8 


*in*d8 


'ja'dz 


SS!SSS!^^8@S  8S939;«S8g8  882883S8989 


ZeSSSg^SSS^  889:2^92888  988S888S989 


•wdi 


SS83S8lo8g89  839899SS28  98888889988 


•noox 


B9838«3cS889  8888^98889  98688889928 


•w^XT 


89fio8839888  2889^:^^888  92892289989 


•w^OI 


8982889689  886998;;i889  98e^628»98 


*ia*«6 


698886988^  ^^699891^8^  98998989999 


'jwviq'i 


99fis88s39999  929:3:988^29  99998989999 


•ai*w2. 


9988^8^9^9  9898988^8^  9998^989!;fi99 


'ja'vg 


998288;;999  98So8888899  999989^99!;i9 


^ 


8 


00 

8 


00 

6 


6 


8 


& 


«««^««t^«<»g  -asisgEscSa  saasss'ssSsas 

>.^>>».^>>»>^Wb  t'bfe'bb&&bfc6'  frbb&bbb&&&& 

i^immi^  mmm^  mm^i^ni^ 


BEPOBT  OF  THE  CHIEF  SIONAIi-OFFICEB. 


905 


§ 


i 


I 

I 

I 


i 

I 


JO 

s 

I 

3 


I 

+ 

I 


•ra'djurxx 


gii§s§§§§i  sggisiSiig  ggigisSii^g 


*ai*d6 


g§§ll§§§§S  I^JIgiglii  ig§lg§§S§gS 


*m  *d9 


sssiississ  §§§§i§gii§  iliiig§igs§ 


•ra  •d2;B> 


§i§§sisgi§  §§sii§g§s§  iissiiiggsi 


Ta'df 


§i§g§igii§  iiis§§§gi§  §§igs§§gs§i 


*«  'ds 


& 


isssiigggg  §§gg§ssgi§  iiigssig§§3 


•ni  'dg 


Ii§§3§g3gg  l§§giSSS§S  §i§g§!li§li§ 


•ra  -dx 


g§§§§§sss§  ggiigisisi  iiig§gi§is§ 


•UOO|J 


i§i§§§g§§§  §i§g§gggg§  §s§g§g§§§§g 


•in  •«  XI 


sssiisggii  igisisisii  gsisisssiis 


•ra  •«  01 


iis§§§g§gs  gi§§ii§gs§  ig§g8ig§ssg 


•  »»w  ■ 


ra-0  6 


Sg§§i§§§§i  igigli§S3§  §gig§§g§§g§ 


ra  •«  iQ'l 


§g§g§§§§g§  §gg§l§gg§iS  §S§§lig§lgi 


m'm  I 


i§§§§S§§S§  Sg§g§§iSi§  SiSiilgilHI 


•ra  -BO 


gg§gg§i3i§  i§iii§§g§i  iiii§§g§§§i 


I 


-«»^««it^=o»3-  sa232SS228  SSJISSiSS&a^SeS 

>>>>>v>>>.>>>>X^>>    >>K^^^^>>^K^    ^^^>.>>K>>>.X^^ 

tfoSOtoSoStfoSOSflSoS     cSoSflSflSOlClOSOBCCcB     CB^flSdflSOBQtCtOlQtQl 

sassssissss  SssSssi^sSs  sSsssssssss 


a 


8 


a 

•8 
1 


I 


906 


BEPOBT  OF  THE  CHIEF  SIGNAL-OFFICBB. 


I 


g 


4 


I 


•ni'djsfl'n 

sssis^s; 

SSe898  9888388tol58  8889SS88888$ 

1H 

'iad'6 

SS3SS9SSSSS8$S8  9!^S8$SIS9S83  68Q98SSSIS3S 

•xa'dg 

SSSSI^S;S$$3  99s83SSS3qlS)e  S3S:S;C^9loS88S 

•m  'd  mrf 

SSS8^8)S12SS89^S8  998SSSIS3^SS  8S999$S8sS8S 

4 

-m-df 

SSgSSSI8Ssii9S3  99SI3SaSI;;iS^35  9SS:S99SS8^S35 

4 

• 

'OX'dQ 

99SSiSIS$S599s3  9:SS3s8S9il335  fiSS999SS98s3SS 

s' 

-«*dc 

9SS9SafifiS99Ed  99SS8s89;sdS9S  eSS99S»SSS8 

s 

•m-dx 

9Sg(SISIfi899sS  g9«88aSS98  8S999S98i8S8 

4 

mooji 

^S8as)M99S3  99lSS38sSa«9«  Cto8^989«983 

00 

•w«n 

988aa8889s3  ^9888S)Si898  83899898883 

*ni*«oi 

988aS88Ss9S  ^2988838898  88fe9;tSS98888 

'in*«6 

9S5S88^8S8<8  «98Si8!::8888  8889:S89sS8s88 

CO 

S3 

'm'viq'i 

88€8!?S18883  ^9lo8S;SS888  8839988S3KSS8 

•ni*«i 

So883^S8888  ;;!98)S^:2a8!o8  8S88:S88sS8s38 

•in"«9 

to98Sir^SS§SSSo  8988^23988  8§$^8^8888e38 

1 

May  1 

May  2 

May  8 

May   4 

1-4     ^  ,H  i-N -T)  t-)  t 

May  10 

May  17 

May  18 

May  19 

May  20 

May  21 

May  22 

lids 

• 
• 

>  • 

•  • 

:  t 

>  ! 

»       ■ 

•  • 

•  • 

• 

S3 

II 

I 

i 

a 


I 


1^ 


BBPOBT  OF  THB  CHOEF  SIONAL-OFFICEB. 


•1«I*P»PIH 


§§§sgs§ssa  §§i^gi§issi  giSigggisii 


^,.MT-)tHtH     iHfHO        ,-)  ^^  iM  iH  !-<  1-4  ^ 


-mdzz'il 


*ca  *doi 


'm'dft 


*in  'dg 


Ta  'di 


•xa'dg 


*«  'd  i^y 


'ja'df 


•wdfi 


•ai'dg 


•in  'd  X 


*aoox 


•in'«U 


'in*«OI 


ui'«o 


•w  '^iffi 


•TO  •«/, 


•m  '«o 


■nv   *! 


ra  '«g 


•ra  '9f 


•in  "tig 


ra  'Wg 


•TO  •«  X 


§iii^ii§§a  §§^ii§gigi  i^§iig§g§i§ 

rAci     '  t-I  t-i  t-<  tH  iM  tH  l-i  C>   '  '  *  '  yi  i-i  t4  t-<  I'H  t-i  iH  t^  *  T-t  t-<  tH  ^  t4  l-4  t-I 


§s§i§g§§i§  Ss^gsiisii  ig§igg§§a§^ 


r«<  O       1^  1^  1^  ^^  iH  r^  fH    O 


|HiHT-|ylT-l     tlfHr^         iM  iH  1-4  1-4  l-^  iH  ^M 


P§§§§§S;iS  §sSii§gP§.  Ii§§l§§§g§^. 


pipipg^  isggiiigp.  i§i§p§§§i§ 


^smmuk^  §igii§is§§ssisS8iisgi 


ggiiisiigs  §iggi§i§ii  ii§§igg§isgs 


i-li-lfHlHt-4     l->t->fH        ^iHtHOlHy^rH 


aiiiS^iii  §gig3l§§S8  $ig8SIS3ilgl 


f^f^w^r^    yHt->^       y^  »H  wH  O  fM  >-^  iH 


sgiigp.^ii  gsi^sisiss  §§is§i§§§s3 


•   •■••••■•• 


•   •   • 


•   •   •   •   • 


•   ■••••• 


•  •  • 


■  •••■••■«•• 


SS8§SI§§^8  iSill§8§SSI 


ssisa^si^s  5i^g§iiisi  lissgsssgsai^ 


S2S§SI§iS§  SggggllgaS  8SSS§iS§S§S 

f4 p^^^ymj    p^HrH       fHF^tHrHfHW|H 


•     «•••••■•• 


SSISilSiSS  §§ig8l§g§S  lli§Sg8§il§§ 


•    •■••••«•• 


y^f4        ,H^fH^^^4<-4 


f4 *^^iHwJ    t4»HiH        H^fHWpH^I-I 


SSg§§li§§8  ISS§§i§§§8  §S§Si§SgS8l 


s§8ii9§§i§  sissiiiiig  $is§§§8§ss§ 


_*H_iM ,M  r-t  I-*  ^  ^^  f-4    r^ 


|giii§§§§g  §g8§i§l§§8  lliilii§§SSS 


^,mt,.4rmt    ,HT-ly< 


ia§gi§§§^8  !:-gi§giiiii  iisisi^giss 


iSgi§ill§3§  k~&g§g§il§i  §gliiigliSS 


0^,H— 4     tH-^  '^ r?.»~'j 


'9B>Q"^'''2«Sfc!ftt*iP  fi'^^fi<aSJ222*'Sil  £SSS?'SS@!fi£9Sl!:^!S 

lS§S§g$g§g  S!£SSSi883§  !9gS£;SK8SSS« 


^isigiSigf^  gii^jiiiss  §iii§gs§i§i 


1 1-«  ^^  ^1-^     »^ 


-4«eo^««t^ooo»2  sa«;5j2«f;«2s  s?iasQS?;a88s3 

►»>>>>^>.>»>»>b>»>t  >.>t;^^^>k>»>k>.>k  >k>k>>>^>»i>>^>»>>>i^ 

sss;^sss9ss  ssi^isssss^i  iissssispsii;^^^^ 


907 


S 


r^T-l^^-^    >i^T-lF^      ^^rH^»HT^yH       ^ 


I 


o 


§ 


s 


I 


8 


O.Mj-ti'H    w^fHT-l  iHr^f^F^t-ir*      W 


S 


§ 


g 


•4 

a 

I 


a 
I 


M 


908 


REPORT   OF  THE  CHIEF  SIGKAL-OFFIOJBR. 


I 


fq^upiJt 


SSSS$S;S3SSI9S»  $88SS3JSSSSSS  992^938823^ 


•m  -d  KIT 


83!8&S;s;SSSSS9$  ^ISSSSSSSsSs^SSSo  $!S2;39SSSSS9 


•m  'd  01 


feSsSSS^iSlS^S  ^SSSg^SSoSSS^SS  99SS9:3SS:^@9 


■ui'd6 


So3S3SS^SSSSo!9$  ^g^2^@^SSS9;S$  9$2S9SSS$g$$ 


'ut  'dg 


SSSS3SSSSS3SSS!$:^  9g8^^^S:;!?SS9  $92S^SS&S;;9 


Ta'di 


^nn^io^^^^^  Vi^^^^^^nn^  $$ss8S33!o9S 


'in  *d9 


8S8SS9:;:^SS^9  :$$S§»S99992  g$SStS3^SS92 


•to  'd  ifl> 


•ra'd> 


•ra'dfi 


'vt'dz 


•oi'd  t 


*uoo^ 


•ra  •«n 


•to  "B  01 


m  '«6 


•CB  'vjuri 


'Wi'%11 


'iwvg 


'VOL  "Bfl 


CO  *«f 


•III  'V£ 


•m  *«z 


•ra  *«  I 


& 


SS^$^9SS^S  ^SSSSSo^^^^S  S^SSIS8!^SS$S 


SS8S8$!SI!32S^S  $99SS^$99^S; 


S9SSSgt:^S9S 


S9!8$:s:9SS99  !SSSSSS9$9$9S  SSSS^^SRSSS 


s$2g!;;9!9S^ss  S9^2^9i:9$s  ssss^^sssss 


g$S9^9SS:3S  &$SSSg9!99!«;S  &S8&8t:?iSSS2 


9$So99^9!8S2  Sli::S!SSo99$98  8g@SS^?SS$8 


9$^^S9$89fi  9992299SS!S9  888^^Sg^89$ 


$98$8§89S$8  89823S9^^$^  8$&8giD^&Sqi;t 


993SSS!S^9$9  99g2SS9!;St?99  8$83S83^SSil 


$9S33S22399$  9^$S3S9$8^9  998S99S888SS 


38S§!i2S82^:3:;t  q)!;i9e^S9gSSo2SSS  999£$88S2{SS 


SSSSS^IS^SS^^  ^SSoSSISS^So^  8;?$9$98SSSo8 


88SSS&SI§SS8!;i9  SS$S^!S?SS;SS8  899S9988g9S 


^KSSSSSoS^a^lS^^  ^S2S8S2SS!S$8  eS9$999;3S29$ 


SSSS^SSS^S^S^^  {oS^SS^^^SSlS;^  299S89S8S$8« 


3' 


• 

8 


U3 


O 

■ 

8 


■ 

8 


8 


M 


4 


e 


9 


6 


(s 


nnn?inn^un^  nn^^?i^^^n^  $^$£8988898 


8^^Eg§S^^IS^9  SS98S3§$I3^8^^  8^$8S988^88 


I  > 


>  i  I 


^•eicoNii-ioVodoid   ;^£<«-j|gjgr5a62g   SgiaSSi^SJaRg'S 

s^^ssi^sSsSs  is^Ssssi^ssss  sasS»i^»sss 


REPORT   OF  THE   CHIEF   SIQNAL-OFFICEK. 


909 


I 


1    -2 
t    I 


1  I 


'IH^inpfW 


•in-dBn 


•ui'dox 


*m'd6 


*in'dg 


•ni'dz, 


*ca'd9 


•m  'd  xa*f 


•ui'df 


*ni*d8 


*m  'dg 


to'dx 


■uoo^ 


•in-BXI 


•in  •«oi 


*xn*«0 


•ux  •«  ^'^ 


*in  *«£ 


*m*«9 


*«a'«9 


*in'«f 


in  *«8 


•m'«5 


•w^x 


§§i§g§isii  i$ga§§§g§§  gi§$§§c§§g§§ 


fiO 


IH  O 


|l$3g§§si§  §§g§iS§§§i  §§§i§§§|g§§ 


si^ggsiiss  iSiisiisgi  iiiSiigisss 


C<9 

O 


ggiig§ii§g  §§§§si§i§§  g§gig§s§g§s 


IH     O 


^  ^  go  ^o  23  c^  r«  g  •^ 


iS5t*ioSoSco<oaoXo 


.1  o 


ii 


gi9§g§i§i§  i§§§g§gii§  igg|iiiii§i 


»H  O 


§§ig§iiiii  §§§s§giag§  iiSig§§i§g§ 


gpisigiii  §§sgi§gsgi  lip.ip.ps! 


is§§§iii§iB  is§ii§i§gi 


o  o 


S§$SSg|gS§ 

'  '  '  'o  '  '  '  '^' 


giiiiiigis  §§ii 


:S8§llii§§gi 


i§ii§§  i§i§§§ii§i  iii§§i§i§g§ 


gssiiliiii  gisiiiisii  iiisiiisigg 


gg§3iii§§§  g$§ii§gg§i  i§g§g§i§§gi 


gg§§iS§Si§  gisgg§§iss  §§llg§ISgl§ 


isggigiiis  g§g§g§§sgss 


sgi§§i§§sg  g§§gg§§sg§  gses^§§gsl§ 


iiSSS.SSiaig  gSS§83l§§9  IS8Sg§lgSgS 


8gii§§g§3g  s§iis§i§i§  isii§iigs§§ 


Siiisis§§ig  §s$gs§s§§g  §§igsssg8§i 


gs$$§§3i§§  isiiisiilg  §§s§ii§sg§§ 


o>^ 


gSSIsglilS  §S§g§i§§ll  S§S§§3§§g§g 


Oil 


gs§$ig§§§§  §iiis§§iii  i§is§s§§g§§ 


di-» 


ggiigg§ii§  g§iga§§ii§  SigiiiSSigi 


Oil 


gg|$Sg§g§l 


g§|ggi§§SS  ilggg§§g§gg 


^e4»«'««r<:«;«s'  s*^«';is':sdSs'a'  dda'sis'dddsis'd 

nmttm  mmmt  mttmm 


d 


o 


4 


g 


o'  .. 


^ 


tm 

•  •  •  • 

3333 
•E'E'2'K 

•    »  V  tt 


3338 

'S'S'8'8 


a333a 


910 


BEPOBT  OF  THE  CHIEF  SIGNAIi-OFFIOEB. 


1 


!k} 


I  i 


H 


I 


ii 


g 


I 


-jqajopiK 

2^;SI 

^SiaSSS^S  «3^S{ 

ziSi^sssss  S3S;$ssSo^ 

^^^n^ 

•ui  -d  K*II 

^!S3^8SSSS;S^SS?3^r;s^S2^$  ^^!;i^s»;3:^!;;;;;i^3 

•oi  'd  01 

^£;8§^^a$;e^s^  sss^SiSissiSS^ss  ssss^ScSg^^^^^^ 

Ok 

in  'de 

^S:iaS^?J§$^^giS3  ?S£^§$SI^S;SS$S!S  S^SS^SSSo^S^^^^SsS 

M 

n 

*az  'dg 

§SS?S»Sia$;^S§S  SSSSg^S^S^g^SS^S^^  €S39SoS8!$^!S9Sg 

•lo  'di 

S^SS»S^?JSS§S3  ^^g^Sll^g^^SSSS  8!39SoS$$S9SsS 

00 

*ia*d9 

.  SSEJS^glS^8SSSS  SSSS^SISSS^SSSS  SSSS9So999^^^S3 

S3' 

•ta  'd  2jQf 

S^SSIS^Ss^S^SiS  ^S^SS^I^g^S^^SSS  ^SS9g8ql!$9^9S;S8 

'CD  *dt 

SS^S^S^^^ISS^SS  S3i3!^ISSS!l^8^  SSS;ii^^!;$i<:9§^gS 

o 

si 

'nx  *dg 

SSI^SS^^SKSg^So  SS^S3»!SSIS;!SS2S  S3SS9^;;i:$9^!;SSS8 

83 

•ut'dz 

S;SIRS^^»S$^S  SS^SSg^tSSiSSISSS  gSS3^^S$9^^S;SS 

•UI  'dx 

Ss^S^SS^g^Sg;  lo^^l^lSSSSiS^  SS3^S;$$S^;;!S;sS 

8j 

•uoo^ 

IS^»^S3SISSSS»  &83!3S;^SS^^Ifi3  SS@SS?$^$^9S;8 

CO 

•rail  11 

s^ss^g^sissse  sgisss2ss;s2$iss  ^S3^ssss$9$ss&s 

04 

•ra  •«  ot 

»g3?;S^SI2SS^SS  !SSSSIS3g^^SSI^3$  ^SS§SSSSS9^!rSSS 

•nx'116 

SI8^?ISI?JS^S3S;SS  !S^SI?$^$ISiiSS§$^  ?S§S$SS9S9!$$^SS 

•m'visi 

^SS^aS^^SSSS  SglSSSSS^SI^a^  SeSgS^!(39!$$$S^ 

si 

'xa'^i 

g^^isssssj^sss  95S$;sassisss  s^ssisqtis^sss 

o 

•oz'vo 

S1iSSSg|SSS;^e^  ^3S^^?JSS^^S  S^SoS39!$9SI3S 

CO 

in*«g 

SISI.S?;SISSS»§^  SSSSS^ISiSSSIS  SSSSotclfSSo$^92SS 

'va*^f 

SlS^S^SJSISSilSISa  SSSSISSSSSSS^iS  SSSSo8$2g$9$9SS 

a' 

*in*«8 

SiSISSSISSISSS  S8^S9iSSSS;)SS»  »S2?S§$S9$$$S 

CO 

•ra-^g 

SS»SaSSSS;§$  SSS3S;SSSS;lSS;S  S$gS{oSS{o$9^$iil35 

0> 

tamx 

S«;SSglSS^ISS8  SSSgg^SSSS^S^S  83S;9SoSe9^^iiS 

le 

si 

' 

May  1 

May  2 

may    7 

Mav    S. 

May  12. 

May  13 

8SS 

Mayn 

M»y  2J. 

8sa 

'lllll 

» 

REPORT   OF  THE   CHIEF   SIGNAL-OFFICER. 


911 


CO 


£ 


I  i 


I 


s 

s 


o 

C 


•^qajupiK 


•ui-dKti 


•ra  -d  01 


'm'd6 


'VOL '6.% 


•ui-di 


*ui*d9 


•ra  'd  tjif 


'va'df 


•TO'dg 


•ra'dg 


•ra*d  I 


•uoox 


•ra  •«  XX 


•ra  •«  01 


'ra  *«5 


•ra  •«  Xfi*i 


•ra  •«Xr 


•m   •! 


ra  •«$ 


•»»»     •! 


ra  'vg 


*ta  'v^ 


•ra  •wg 


•ra^»5 


•ra*»i 


s§ggsg§is§  §igsg§§ggg  sg§$iiii§E 


!gSE2^::i2i?g  SgSSgSSgSS  §S8So^Si$;SS 


1" 


SiiooiA^moceoiQ  ccn«iAiofit?t'*^S}  C9'^9Q99«-4r^«9 
iSsf-j^S^a**  f::235^HS«baS  oagoSSafadoo 

IWCll'»0»Or-lOOr-lO     i^raC<S^Oc>i-iO>9C»     iH«W^tO»©0»Hi-l 


r^^5»— I  O        pM^n^j^i^^h     ^n— <^-<^^wi«0  ^H  O 


1 1-'  *  C  i-i  I 


f-t  P3  W  1-1  O  05  »-•  0»  0>  A    OMW^i0^i-iOi-l 


copof=!<!eoN 


r^  ^^  1-H  O        »H  I— «  1-H  tH  ^^     r^  — ^  ^N  •H  wH  O  ^^  O 


K«ffSSi22SS5   ^ainSJQSsSSc   9Bxia*2fz'i™3c«5 


t-<  1  i—l  O        ^H  t-«  >M  rH  <— I     I— l^Ht^rHr^QpHQ 


1^ t«a6 e»i~)Ooe4^   i-^mN'MOi 


pH^^^nO  ^iwrt^^pH     ^Ni-<»w^i<^^rH»H»H 


;;3S<^s^fix^^$ss  ^fiw^fiS(?fi;xs  SfisssE^e^s^SeS 


©««xe2Hi>.' 
CO  eo  «  55  35  •-)  ( 


loagc::!! 


;§§i  iSSi§l§ll§ 


»-tl-(  1-H  o 


"H  l-«  l-<  ^^        ^N  PM  T-<  — <  WH   ©  ^^  l-< 


»^SS3;3^%2kS^    SSSSt^XSKSSSR    8K&fiM2!SSfiC^ 


t-it-i  t-i  © 


^^  rH  iH  >H     ipH  iM  1^  rH  i"^  © -^  >H 


g§§iiisg§s  sg§gii§§i§  iiii§i£§is 


^*  r^'^^  © 


N 

& 


O' 


•8 


eo 


SS^SmKr^KC^  feSaSciS^XxkrsI  Kn2e^s<3BOfi» 


y*  t-«  II  © w^wm^mi,,^      ^^  p^  ^^  ^H  pH  vH  l-^  1-4 


©rHFiH>^y^^N^^f-4  ^^^^        rH 


)fi°6S!fi<^'^C^Ofi   (rT£9Q<Q'*cfi<-^09   ^ona'<«i«rH^e>ii>      tS 

Si^ss&iio^s  §iiiisis£;§  s^iiSis^sil  t 


y*  r^  «■<  © ^^  >M  fHpH     rHi-4i-i^Hi^rHr^rH 


s 


Sscax^KScSi^  x2S:si2Sx^i;>d  egoggN^ss^ 

^leooOAx9»o^^e0r^   orirae4000t-)0»ao   o»fr1^R)ioioc4©©rH 


r-<  rH  ^H  © 1^  v^rHp^     ^^f_4iHf-4pHr^pHvH 


©  <— I  t-«  1-4  »H^^rH  »"4  rH  rH 


\^\ 


lOJi 


iisi 


i§li 


!  2  S  S?  9  !fi  **  58  2 
i"«*raoiioci©-4i-i 


i-i  <-i  1-1  © 


m95rH   o c^ '<«« e^ vH o © ri cS x   oc)^i 


a 


!S!KJt"'5^'-'WO^cic^   «e5x<-ioi««aD©o»   eo©xw»ioioscttfi& 
£S£j££(krl;3S^   fiS^^^^trfira^S   ^^Sa2f^:S©S2S 


;ib'i§gi§is  ggs^siiigg  %u\ 


iXt 

lis! 


IIS 


9SS2'^®9CW'5tiJ©    lr'3C«05e'*35O5fi3l'«    r^5CQi»trt'e5«©«e 
^ro"<rr-iao»o«5«»H  ©M'V«.-i©<5r-"OSoo  o^-l«^^•o^5?5©©H 


oS'^S'H:«'5Ct»M«   ©xt-   ^'^t^pxpHX  ^aQ©Mdeoieict?<etf 

"^M-^i-iF-S*©  W«^    OCl"*     •  i-l  O  Oi  rH  05  So    ©rt«5*9lO«ei50©rH 


^<,-oHi»Mi-4t-4-^Oi-<r^ 


oxscBp»9«2dba6   ^•"•^XN^fiS^s   SKdsS«CiQ^cc9o 
9?ln^F-Soe)eOf-i  OM"ii(Mi-i©cB5c)Sab  9^0Sa&5mS»9©S 

i-<rHiM>H  '.M,^i»<fH     t-<  >H  1-4  »-«  f-I  r-i     'rJ     *     '        *  ^  rH  »4  i-i  yJ  i^  Q  ^  ^        »■< 


CO 


S3 


o 

a 


SISSSf^SSlE®  SiSS^SS^^^  S^SS^SSSSS 

^e!i«c)N»oc<ieoiH  oel^Mf-ioaiHoi^  9i-4»»'^55eoooS 


:SS 


I  M  » i-«  I 


isSii 


lgi§§ 


eo 


i^i^^gpgs  siiiSiisii  g§p,i§gg§B 

r4  f^  ^4  r^  ©        —  ^^  ^H  ^^     ph  r^  )-4  ^4  w^  pH        r^ ^i4^Hv>4F^^fH^vHvH 


? 


H=ei.i^,i«,vodo;d  gejo^;rfj^Jj!g=^g  sdslsias'sa'a^ 

OOOOOOOVOO   ^4)0O^q)Q)^^^  ^0q}«}0^q}^^^ 

§e  £3  fl  q  fl  d  fl  0  d  d  e  2  a  o  s  c  a  e  d  dddcdcacad 
SS99SSSS9  SS3SSSS999  9999999999 
•^•^•^'^'^•^•^'^►^►•»  •^•^►^►^►^•^►^►^►^•n  l-SMsi-si-si-ji-ji-ji-ji-ji-j 


912 


REPORT  OF  THE  CHIEF   SIONAL-OFFICEB. 


•W*I«PIH 


8qi9S9$99$@  S999SS9S159  S$9S8S88;518 


•ra-dBS'II 


S9^g^^9$^@  a;^9:s:SS!$2S9  999SSS€SS@ 


*m  *<I  01 


S$9S9S$$S3  299^SS$SSS  ;s^ss^gss^s 


t- 

^ 


'oi'de 


S9$SSS9$SS  S9S!3S^^SRS  !99SSSSSSS& 


s$ 


*in*dg 


•ui'di 


*ax'd9 


S$$S8S$SSg  g^s^ss^^gss  ^^SSSSS^SS 


SSSiSS^9S8S  S9gSS3;SSSS  9SS@@SloSRS 


8 


SSSSSSSSSSi^  3SSS;SS2l^^S  $S8SI3f2rsS^S 


'ja'diS'f 


3S£;€S€$8^fs  ss^sssssss  ssssr^i^^irsssR 


'oz'dt 


SSS@g^S3^S^  SS3SSI3SSI8S  gSS^S^S^l^?^^ 


8 


'nx'ds 


SSSSSSSS^:?:  S$33S?SS3^  s^s^^^s^isssf: 


s 


g 


« 


•to'dg 


@S;SSSS2@S?:  82S@B?:&€f:8 


^s^^s^s^s^^gsn 


8 


•ta'dx 


8ioS838238E3  S^SSSIf^S^^S  iSiSSoSE^V^^tE^SS^ 


8 


'aoox 


*ta'«xi 


3S8S88glgSR  SS@d&^2S?8  gS88??SS8S;8 


8:38a8SS8@S  SS888R8SP!8  SSS8FlgE^8E28 


s 


ii 


*ax*«oi 


^9S9&82888  8gSS8^8S^3  S6S38888E2F! 


I* 


*ni*«o 


S99^2S8SS8  8S8&S8S638  S988^^888g 


-ni*«/fi'£ 


699^82S9SS  8^S9&88l;:88  89SS838888 


I 


•m'91 


*in*«9 


V99$88S988  8^99S8S9SS  ^998S8S8S8 


o 

8 


9899S99999  S:S998SS8S2  9S99g8S328 


i 


*ai*«9 


'in*«f 


8t9S9e99999  &9S 


9S!SSSS  989^S2S8SiS 


SSSs:$g99999  &9S99Sg8SS  ;3:S9992SSS8 


S2 


*in'«8 


S9S9S9:i;999  S989;tgSSo28  98998SSSSS 


*m*«s 


•ninil 


S9S;t899999  88S99S?SS88  9S998828S8 


9!;d989:S9;t9  SS999g8!«i88  9999S8S8S3 


9_ 
9' 


I    I    I    :    I    i    :    I    :    >      t 


^cim^^fot^m^^  aassssjisasi  dsiasss^ass 

§999909999     eooe000009    OO^OCOSO^O 
flSSaSgSgs  Sgfls°s5sss  ssasssssss 
ssSaasssd  SssSss  0009  a  a saaapaaa 
•^•^•^•^>^>^»^'^»n»^  »ni^i^^»»^»n»^»^»^»^  »^»^>^»^i^>^»^»n»^»^ 


BEPOBT   OF   THE   CHIEF   SIGNAL-OFFICES. 


913 


09 


IX) 


I 
I 


I 

a 


iq^upfK 


•mdzz'il 


mmtm  mmum  mmtm 


iHt-tt-tO 


iii§§iiss§  ggssilssigg  issss§§g§i 


■HiHfHO 


p^HO 


HiHt-tfH»-<0 


*m'do{ 


la'ds 


ilil^gSip.  S§l^§^§§gg  SHSp.^Sgi 


i-<i-tfHO 


'xa'ds 


•ux'di 


'm'dg 


•uxdi-s^ 


'in'df 


*in*dg 


'ui'dz 


'ca'dx 


*aoox 


•ra*»xi 


•in'»oi 


*ai*«6 


•ax*«/fl*ii 


•m*»i 


*ax*«Q 


'ox'vg 


•m'Vf 


'ai'«8 


•ai*»2 


•ai'«I 


& 


68  BIO 


*  t-i  i-<  >4  iH  ri  O 


i§§i5ii§is  iisissisgg  iiiagi§g§g 


rHiHiHO 


iM  iH  tH  i-i  rH  O 


§siigsggi§  i§gii§§§g§ 


l-lrHiHO 


iHiHO 


I  rH  tH  t-t  i»4  O 


iHiHt-tO i-tr4 


T-^MO 


i§3§g§i§i§  §ssi§§i§gi  §i§siiiiig 


iHHiHO 


r^i-iO 


1-4  iH  »-<  iH  iH  O 


is§§§§is§§  iss§g§g|g|  sggsiiisig 


iHiHt-tO 


t-ti-<tHtHr^O 


i§§s§s§§§i  iiisigiip.  gpssgsiis 


iHlHl-lQ 


isssgsisii  §§gii§ii§i 


^^-^fQ 


'>4r4»-4pHl-«lH 


i§§ii§§ss§g  siSiisissi  gsssssisii 


^iHiHQ 


»4^pJO      '      '      *FHl-? 


i§i§§§SI§g  g§SSgg§p3 


sssssssiss  igig§ig§§§  g§§§gg§s§i 


>-<»^iHO 


§s§§g§ig§s  i§^i§ggp§  S8§s§gi§§§ 


§§§§§gi§ss  giig§§3§g§  g§§si§§§§§ 

i^rArAd     *     '     'rArA 


'rAwAwA 


s§§i§gg§si  §§ii§s§§gg  gsssigssss 

rArA rHiHiH iH  r4 rj t-< i-j 


>H^i-iO 


i§si§§g§g§  §ig§gg§ssi 


§§s§§§igsi  §§§i§§s§g§  gissggsiii 


i-I^tHQ 


p^iHiHCBi 


lgi§SI  S§SI§iS§g§  g§S§§ll§g| 


§i§g§gi§si  3§§i§§gig§  g§§gis§§i§ 


r^w-lr-*0 


H^p4>^lH 


i§egiggi§§  g§ii§iggg§  gisggiSiii 

rA^rAd    '     *     *     'rA i-irHTH      'wArArArAr^ * 


pSSiSggSi 

rAwArAfA rA 


mmmm  ggssggssgi 

rAr-t 'r^rArAr^rA 


mmtm%ni  ssssiigg^i  g§sssi§gi§ 


..«»^.o«t.coo»o  sassss&ass  ssisisiss^SiSss 

0099990999     9  t)  0  9  V  fi  P  P  9  9     SSS«0«O««O 

gggg§§ggi§  gggggggggg  gS§gggggS9 

»->'->i->'->'->'->'^'T->»^  f^i->*n>T->>^T^>T^  •^•^•T->i->'->i^»^i^i^ 


I 


i 


cL 


a 

I 


914 


REPORT   OF   THE   CHIEF   SIGNAL-OFFICER. 


CO 

IB 


£ 


I 


n 


5 


IS 

I 


I 

o 

I 


iqaiupjw 


•ui  -d  zz'il 


•ra  'd  01 


*ia  *d6 


'ui'dg 


•ui'di 


'oi'dg 


•ra  'd  us'f 


'm'd> 


'ra*d8 


'ra'dg 


•ra'dx 


•noojjj 


•in*«n 


ra  -HOI 


•ra  "lift 


•ra  •«  usi'i. 


•ra  •B^ 


ra  *«9 


•ra  'VQ 


•ra  '^^ 


•ra  •«e 


•ra  '9z 


•ra  •«! 


iJ 

a 


!SS:3!3!99qi!$$g  !S9^$2$$S3^  @^$SSS88S8 


c» 


9S^S!$!$;!i$9g  $<i$$S$^SSS^  SS9928S623S 


9 


S^92$^;;:$S!S  $^$^Sig92S$  ii992S8SSS;3 


S 


^$§92^$^^gS  9^9$2S^S39  il^l^SS^^gSS 


gSS9i8$9^92S  S9$$!8SS923S  $93S^SSSSS8 


29$!g9;S92SS  S$SS&S$SSS  :S92SSS&83S 


S^9S929233  S^SSSSiSSSS  :;19!8SS^RS8S 


at 

m 


S^SSS^iS^SS^  S^SSSSSS^S  ^$St3FlSSS2SE^2 


00 

3 


S$sSS!SS9S3e^  S$9;33SS83;S  !;;i$8f8SrsSSS^S 


g^SSSS^^SS  SSSSS^g888  ^SSS^SS|3^?S 


S^SSiSSS^SSS  S^^33^;2SS8  g$338e!^8S33 


S!^9gS2^2S8  SSSS8S8$S3;^  8$&€8c^gS?18 


2«l;8S3!$SS8  £95^38^388  ^!$S88&&38S 


S:3!9$83$8SS  S$SS&8$S8S  ^:$SS88S88S 


8;;i^$9S:S^3d  S9SSgS99Sg  ^$33888883 


l?lo999S9!$S8  898S88^i$g8  ^:$8&€S8S;S8 


!SS$i9$8;S$98  8$^;^S8;S^SS  ^?^S;S8SS88 


^^^$^8  S8!$$88$^8SS  88^88^888^ 


8^8^9$;;!^9$  889998^82!^  &io^^8S882S€ 


83899^9^^^  88^9$S$888  So8;;!^888828 


8' 


9 


s; 


9 


o 


8889$!$$^;!!IS:  8^9$3St8$Sc8S  889^82S83i 


888;S$!$^^$9  89^$98$SoS8  889^888^28 


(o$8!$$!$99$$  g9$9$8$828  $^^$888328 


89898«;3;999  S^$:]:$8$8S8  $8998!S8;^28 


00 
»2 


9 


i-i ei m ><•  c3 « t^ 00* o> d  i-^ c4 n -^ o to' i^ od a> o'  v*9*c6-^^f6t^«i»^ 

r^  1-4  iH  i-i  "H  P^  ^  r-t  r-H  i-i  5)  frl  CI  ?)  C4  C^  94  04  C)  cl  » 

0099000000  0900V99V09  V0S)0V«)9000 

caflssficssc  aaaacaaqaG  a  Qpacaaapa 

S9S99999SS  99S9S9999S  9999999999 


REPORT   OF   THE   CHIEF   SIGNAL-OFFICER. 


915 


iq'iupiK 


giiSliiisi  i§§lli§§gg  §§f!§§gC-§§S 


•indzsxT 


S!Stel52t^fc   SB 3^ 9B !S ?3 « iJ 25 KS S   w^Qaje^wooesM'^ 


'in  'd  01 


S!r^J9Sl?5SS8L^K'2S   sSS^^^S^SJSffi&J   5a-Ha^t.p«M«iOi-t 
e«B^<Fi«a5b-io^  •^«>«©io-*«5*rt««  ^*iiaoSt^i5'¥«85 


'oi'dc 


§isgsiiigi  iisiig^ggi  i§§§§gs§g; 


'oi'ds 


,^«5l*SL2r'»2S   SSsS'^fiSlsl&L':   SfiQs^wxSo.i^'i' 
»ie^94e$^i>-ioio   ^«eio^eo9Me6e>i  ra«9t^t«cbb>io-^iei 


o 

i 


■"■'ii.  Ssisggiggg  r§i§§ii§§i  g§gg§g§§§i 


CO 


5« 


I- 

I 


I 


a 


*m*d9 


§3§^iS^=^i§  S^£^3§SS5|9  S8I383!SSS3S 


•ux  'd  iq'f 


'sU%PM  !;ilS§ilii§  i§g§§il§§§ 


-<»-<i»  gii^smii  iiigimis  i§gg§§§§gs 


8 


^r>>«9M?   ^ A o i5 -^ -Hi So <« eg <A  nior*t«cSeB0 Vn2 


•o-ozi  §§§§§g§gi§  9gig§ii§iS  g§sgis§|g§ 


4> 

S 


•m'd  X 


I  1-41 


*aoo^ 


to 

1-1 

-0_i 


•    • 

oo 

ss 


-•  M 


do- 
ss 

'S'2 

00 


M  Jl 


'  ?•  ?•  3  S  3!  ■*•  ^  *5 
1 1*  t«  eS  00  (9  <*•  w9  k5 


o 


^S99^G9S9I^Ok»    Q^4<PQSk>~«MSr->S9    C9Qt^iAcO'^t^<-4ec 

•««-«ii    siigSiSs^S  l8§g|§s§82  is^slli^Bi 


UMMM^^isS  sggsES$£oi^s  siitgisioS; 


_     I    Si8XS$^i53^SK2  r:^ni"*5ifi"i«'!22'*  t^'-'a'^Mioo^t- 

•en -BO  I  sSsSsgiSssS  fegcsJjstoSiu  assgsli^is 
I  * 

SZS?t!fi)fi£!S5SS>S   *2S'*!fi<o>5*3'Qt*af   S-Htr5»CMOi>?i^ 
aSsSasSsSJ  SSeStraiasa*  fioS5ioSs>oJr;*l 


•in  •»  ifi'i 


T-^lO 


oo 

ss 

'S'2 


cD^hsfOfDc^aoiQoco   t«Od9kao<80C4  00iA   ooaottos<3i'^ir>'«t<>4 
'Oi'V'       S3Sc=Sv::^s«9t   S^'^o^.Sa^-hS  SSoaSSSScx? 


'm  *«9 


:i§§igi§  g^isliiSiS  iSISgii^liS 


•xa  '«s 
'in  -v^ 


;S!£*f£n2< jCS^   sSfSP^^^fi^^iOp-i   d> » o o 3* ei <-^ i-^ u5 C4 


SgS8fe8S-?3  gsggjeassss  i?ai8i?8;:2?^2 
iA<d'v^e«AMo6K5   (oiSt-SVit^M^S^   i>i^«93Sl?79n 


•ui  •«  e 


SSSSStSr^SSSOS   SX<^St^SS9S&S9    9t>99!&«^t--«co     ^ 

sssszslig^ss^  ^SrriS^^Sii  S§ii§sr!§9ss  § 


o 

(-1 

MO 

« 

o 


00 


"■«*  ggii3igii§  sssii^giis  g^igsi§ss§ 


•in  •«  J 


^liS^IISIS  ^^iS^SP^SS  g«^g^SS2»^sss 


d 

S' 

£o 

»^ 

KO 

O 


^1 

do 

S3 


<s 


fHC«eO'VHO<or«aooo  «-^e4c?'^iotot»oo9Q  *^'Hn^M0«5h^acdd  e 

o««o«>«««o«>  «o«voo«)oe)0  vvtfvvvvvoo  S 

SSSSSSSSSS  SSSSSSSEt^S  cssaececcc  ^ 

S  9  9  3  999999  9999999999  93999999  =  9  ^ 

•^►^►^•^•-J^-J^^^Hji-s  i-5»,n,^,^»^^,^,n,»,  »,^H,p-jl-s»:;i-5i-5>^i-: 


dd 

39 

'S'2 


> « 4 


916 


REPORT    OF   THE    CUIEF   SIGNAL- OFFICER. 


•iq«i«piK 


ss79$$ssii9S  sssoS9$9s$&^  sie^;?sss$&s 


•in  da  II 


^SI^$?$S?ii9S  9S$$$t$SS$S§S  SSSS9$;S;SS9SS 


« 


« 


:3 


I 


"3 


I 


8»» 

-2 


fl? 


•w 

doi 

*QI 

•d6 

'W 

•dg 

'tn 

•dz. 

*U1 

•do 

•oi'd 

iST 

^S^8^^S$!SS  $§S;i:9$$S$g8§  SS^SSSSSSS 


^^S2;;:9Se9$S  9S^9$9e$&^  !SSg9$SSi8SSS 


7SS2§S^?S99S  9e^99S^$g9  ^So^SSSSS^S 


^lS2]5^S2S&SiD;  SS&:£:9S|SS£rS  SSSSSSSSSS? 

^  eo  ^  lO  ^  ^  ^  "•  iO  lO  ^  CO  ^  ^  lO  k3  ^  *♦  lO  ^  CO  CO  ^  lO  <0  (D  lO  lO  iO  iO 


!^$?S^$%$SS  S;S9!$SS$SSS  eSS9SS3SiS^ 


$9$S9SSSS3  ^S?S$SS$SS9  S^ZSSSSSSS 


'""'"^M   S9!;sS$999S3  ^SSSS8$2S3  IfSSSSSSSSS^ 


im'd^ 


S!$^S9$$^28  $:^2S2S$S2S  ifS^SSS&S^&g 


•ra'dz 


$99$SSgg^28  9il;288S9S!82  !9$SS38SSSS 


'm'd  X 


^9!$$9;$9$2C3  S;?SSS39S!gS  2SS3S35SS&S 


'uoox 


^il9$$SS99SS  g9S2S8^9S3  SsSSSSSSSSS 


•ta  •«  II 


!$SSii:S9^§S99S  8$SSS!S^$2S  SS?S!8S^@S38 


'^''^^  i   $lgS99$S?$3  SS$9SgS9S8  SoSSSSSSSSS 


^ 


o 

9 


^ 


Ok 

9 


o 


M 

U 


00 

13 


le 
,4 


^ 


^ 


'ai*U6 


!?3SS99^S$2  SSIi:$9SS8^99  8S$$gSSSS&S 


4 


•in*o  2Si'L 


^^S$99SS;SS  S%^99SSS9^  3S)39S2g2SSS 


t0 


I 


^;^lS$$9Slg99  S^Sil^S^S^SS^^  S39S99SSS22S 


9 


ui'tio  ,    ,,^ 


^^IS$S^SSS39$  geS9^:s:S^3S^$  SSSS99$SS2Sg 


""'"^  I   Si^S8S<9SSSSS9  S;«SS9S9SS$9  SSSSS^^S^SSS 


'UI'V^ 


IS^SS$^!;?SgSS9  9SSS98^S39SS  S3sS;Sii9$9SSS 


•in 'HE 


^^SS$99SSo$9  9ioSSS89S^^$g  {3E^IS$^$939S 


'ra*«3 


i^.^u^^^^n^^  ss?^So9S9§39s  ssss2S9$s92Ss 


9 


•ra*«  I 


g;«gS9^:;:ii§S$^  SSSSoS^S9!s!;S  tSSSeS^^^^SSS; 


»-4C<c<9-<iiio«t^«0>e   ^'fr<c9^'iA:ot^aooc>   ^9<e4^M'«>ria6Aei 


KEPOET   OP   THE   CHIEF   SIGNAL-OPFICER. 


917 


I 

I 

u 

0 


9 


I 


I 


+ 
I 


I 


mqaiapiK 


siiisigi^g  iiiisisisi  Sigssigggi 


-<o 


•uidjzil 


sgasssssgs  sg&S^SSi^ss  3!8SS38t?fcE 

»aCao^i3»a>oaoi»  i>8»a»aot«(0«ooio  io»Oi->c)oK>r-QcQo 


^O 


s 

d 


'm  d  01 


O -4  CO  o  O  O  C  00  ( 

3!  aj  ffi «-  tr  ^  2  5S  i 


11  §§i§^igggg 


.-lO 


*ai-d6 


'  'd 


.-lO 


*ax'd8 


gi§Slg§§3  g§gig§§i§i  §§l3§§gSii 


i-<0 


•ux'di 


oop< 
SSSo! 


;l|§Si 


ls§§ii§§§S  §s§SI§§SSs 


-^o 


'OX  'd  9 


Sggg^SSlsS  i^^g^SS^i!^  SiS^i^i^SS 


i-iO 


•ra'd/S'f 


S  96  o 


iSiggiiill  eSii^SSSsI 


p^O 


s 

d 

oo 
d. 

oo 

o 


'Ol'd  \ 


.-<o 


'in  'd£ 


I -<*•  t*  2j  ^  M -*  « »2  Sj 


OaOt«t«  vb><OiO    m5 OD e O  94 )-■  0»  to 96  96 


^O 


'ui'd; 


geoiACit^^goooci   iSt^fi^99>Q9*-<i>H   ^eir*«3D^cot-oao 
gslissiii^s  iiii^^i^^S  is8&^§§?gio 


^o 


•ui-d  I 


is^sssis^s  l^i)o§i^ss?:§s  gSS&^s;s^gSo 


oo 


©_ 

\ 

SB 


'UOO^ 


S$o2<ot«0(SaD 


fc«abi 


%imi  mi%im^m 


f-^O 


■UI'B  II 


i!.o>iA««QDeiC'iMt<«  t«ooke)ej9ic5ioa»   9t^P*^c5!£ififi-HC0 

iSSiSii^sfi  §g§§^§ig|^  is^gSSi^eso 


^© 


•OT*»OI 


gii§sig§§g  g§isgi3g§$  §§§igiig§& 


'''SSS 


et  es 


'O'O'O'O'O 

V  V  4)  4)  V 

V  «  V  S  q> 


ciog»«o 

oSS$qS 

sssaa 

•0*0  "9  "0*9 
o  «  V  «  e 

'H'g'E'g'H 
~  fl  ■  •  «>■ 


'tn'Vft 


«S3rio^3!9C2Sat:  Pf15iOS^5*fifi  S!S!t:;t:S2t?!6S!;; 

t?C3^t->0>-TP&97f    ^£j&l'-<90>Hr^fHra96    OQmsiAHeQc4ns& 
QooSc»40^«{^cBaab  «DQOO»P>ao<oE^«09  Sb95oo^4NO^•aox 


•in-«  i^'i 


%ii%i%i%m.  %%%i%iu%%  ii%%m%% 


•Ol'BX, 


•oi'vg 


Sii^i§g§ii  ssils^iiis  §g§p.pg^g 

d d '        >H     '  '  '  '  w^r^r^wijT* 


imm^tit  vm%%ii%\  i^§§§pgg§ 

O  d      '         '      'iM  t-I>Hi-4fH 


[2 

Pi4 
GO 

d 


8 

d 


*az'iifi 


Sg§g|§§is§  §S§§§g§ii§  Egl§S§lggl 


•in"B^ 


sm^ssiig  gliigg§§§i  ig§§ss§§gi 


8 

O 


■Ol'llg 


iiis^§§§§g  ^^§§§g§ii§  iggisp.^^s 


CI 


•ta'Bg 


g§ii§§S§§i  §g§§§E§§il  §g§§g§§§gi 


•ra-BX 


!iii^§ig§i  gg§g|g3§§§  igsi§§iggi 


•     ■     •     *     • 


t 


_o 


S 

o 


^=cio6^Ki«5t:«idg  riddaj^^ss^dsi  sddsddda'ds^ 


oovvoooooo 


c c a  a  a d s c c fi  soscasddcfi , 

9S99S33SSS  SSS3dS9999  99999S999g 
•^►^»T->»T-J'^'-»»T^  ►^•^►^•^•-J'->»-J«^'->»^  ►^•^►^'^►^•^•^»T->»^ 


ccccdddCdd 


iiiii 


•  _V   •   •   • 


dd 


sassa 

•g'S'2'E'E 


« «  • « 


918 


REPOBT   OF  THE  CHIEF   SIGNAL-OFFICEB. 


I 


I 


H 


iqaiupjK 


•m  "d  01 


•tti'd  i 


*ai'd9 


'm'diq'f 


'xn'df 


'nz'dg 


•ra*dg 


•ai  "d  I 


'in  '116 


•m-viSil 


•va  •«! 


m  '«9 


•ta  "^fl 


•in  "Hf 


So3$SS$SsS»SSil$  $3S;^$$S9SSS  SI2S9!$$$S^2S 


"''^^'"1   55g5o5rl588S!?55  j§885J5^85!S8  8S5S$8S5?Sg 


gg$|!?9^9lgSS^^  $SSSI$$^9SSS  ^^9992^3^23 


'""'"^^l   SSSSSrS^SSS^^  ;SS8S§SS$^S9g$  33S99SSS9SS 


'""'"^^l   ^e^lg9SS9S§S99  9^SSS$$^:3!3^  S3^9$ggS$22 


w 


94 


$Si;g$il^2gSSi@9  9S8^il$98S9S9  S8SS99SSSSSS 


!S2S!o$99S$^S  9S9<!;9I89S^  SSS^SS^SS&S 


^SS^998$9S  9899^£SS^S9  2SS$$S&S!3S!8 


9Sd^998!;i:9SS  $S^t;i9SS9S9  cSSt^^S^^SSS 


;;iSS999S;ii9S  S;S9$S2SS9S9  aS$8SSS?SS2 


:S^!399S$98  !;IS!9^S2S:SSS^  SifS9SSSSSS2 


9SSS9?9S9$92  9S99SSS9S9  S^^SSSSS&S 


•uoox  I    e 


:i3So9^^l8^!$S  $S^9S!8So9S9  )SlliS$9S£>SSE;S 


"''''"  I   S^SS^^J^gSfi^g  5S5?5?5Sfe99!SI  885935&ggSg 


4 


9 


« 
4 


Ok 

4 


m 

9 


4 


o 

4 


9 


'"^'"^^  I   S8S!SS§99S!39S  $2S9$^SSS99  gii^^SSgSS 


4 


^^n^^^^i^^Ki  9gSSS$$SS;fi!$9  E3:SS^9SSSSS?2S 


9 


SS83S$^2^SS99  9^S?So99^9S9$  ;3;S<!SSSSgSS 


le 


SSI9SS9lgg3§§9  9SioS^$^SS;:$$  ScSS99SSSSS 


4 


SSSSSSSSISSSS^  $;S»SIS^$S93  SS{o9^S$S9S 


S8S«S^8S!;tofl  9gSdS2S$9iia93  8SSS99^S;S^S 


E3SSSS$^;gSS^il  9S83S99$S;9S  S{S32S^9$i?;S$S 


•ui  "^e 


ss^ss?ssssssss  9:sgis;i!99a9s  s8S3e9^9^s9S 


•CO'BZ 


!SS38S9S8^eSI$9  ^§SSSS«99S9S  S3S3)S9^9l?g92 


■in  'vi 


sssss^io^g^toSS^^  $^ss$:;i!;$S93  ^uz^^99^^^ 


oo 


o 


glSS'«itSSi2^88' 


««00«V«e4)4)     o^4j«q)94)4)q;9     90099>9999 

Gcaaeeaesa   c c c c c d c e c e  ccceaaaas 


a  s  90 


aeae 

3  9  9  S 


99  9999999999  9 


e  c  e  a 

9  9  9  9 


9  9  9  9 


•->l^»^'^>^»^»^9^^»^*->  •^•-»>n'->'-»«-J^^»^'->»'^  '->»^'n>^«-J>^«-J»^'^>^ 


REPORT   OF   THE   CIUEF   SIGNAL-OFFICER. 


.919 


3 


I 

O 


I 


I 


I 


•ax  "d  zo'6 


•ra  "d  8 


■ca  'di 


'ox'dg 


*ai  *dg 


*ax  -df 


•m  'd  jt'Z 


'in  'dz 


'va  'd  X 


'va  •«  gt 


•in  •«n 


ni-»800I 


•ui  •« 


•Of  *«g 


•ra  •*! 


I 


S§l§§§§sl§  3iliS§S3§S  gigSii§gi§§ 


§IS§§Ss§§l  SlgiS^ggSB  SSiS§i§g§s§ 


si§s§s§§i§  §sg§giias§  ssssiiisssg 


i. 


I 


IS§§ggsSi§  igS§g§g§S§  giM§§3§S§§§ 


S38S?:?:sss|  isisssgtss  ssisggisigss 


.  ssisssgiii  is^gsgisla  sgs§g§s3a§§ 


sfesssggsgs  iisssassss  ssissss^iis 

H  r-l  r-l rH  1-4  ?«  M  M  O  9    O  9^  S)  e>l  iH  91  04  S  ^  ??    iH  81  01  iHO  O  »  iH  e4C4  v^ 


§is§s§gggg  §§g§§§g§sa  iii§i§§§ila 


ssi§§s§§§i  sSigs^ggii  s§§§s§§§§§§ 


ligBISiiSi  Sgg§§g|§SS  S§g§§§§§iS3 


-  SSi^ig|§S§  §ggggSS§§§  i§gi3§§sg§§ 


g§gis§§§§i  sisiissins  §§sggi§§§si 


6 1  §§g§sgi§si  §gigi§is§s  i§igigisig§ 


fH  fH  i-i  1^  rl  t-»  p-i  fH  rl  O  i^  iH  M  iH  iH  p^  r-l  i-(  i^  »-•  »^  ^h  iH  p^  »H  i^  «-l  iH  M  fH  M 


^§^S§§I^^§I  Sg8^i§§pS  gli|gS§i§p§ 

iM  rN  F-4  fi^  Pi  r-«  ^^  ri  ^4  O  »H  »-<  *^  »-<  p^  ri  iH  r^  rH  f^  p4  r^  pH  rH  p4  p4  p^  iH  p4  p4  f-l 


i^gi§§§§§g  ggig^pais  §pgsi§a^i§ 

pH  M  fH  «H  rH  1-4  p^  r-j  p^  O  |H  Pi  »-<  i-i  »-•  pH  i-l  p<  pi  M  pi  iH  M  r4  r-4 1-(  pH  fH  pi  pi  p^ 


•»•<!>-«  g§g§s§s9Si  igg^igisii  ggsisiisiig 

^pi-^^-pi--4^-^-^-C>  ^^•^•^•-HPi-^-pirH^-  ^^•^•^•^pi-^'rH-pJpirJ 


iH 

p4 


i 


8 

I 


9 
S 


p.«eo^««t.oo*g  ^is«;!:gsj:ss8  ssiaaas&aasss 


-<-<<J<<<J^<J-<<{<  ^^^^-,;<j-<<^^  ^^^^^^^^^^^ 


920 


REPORT   OP   THE   CHIEF   SIGNAL-OFFICER. 


Iq 


•OX  •<!  ^'5 


'm  'dg 


•ra  'di, 


'm  'd9 


'a'dg 


'ox'df 


•TO  'd  z^'z 


•xa'dz 


•ra  'di 


*aoo2^ 


•ui  'nxT 


•m-^lO'Ol 


•TO  -Wft 


•ra  *ii8 


•ta  'v  I 


•w^Wfl 


I 


loooMooioeioo  ^oooieoiooioo  oteoooeiooooo    19 

ssss^^^ss'g  sss^sierids^s  ^ss'^s^RS^'ds  is 

loiooiadieoooo  ooieoieooooo  ooomomooooo 

ss^^^rirlss'?  s^gl^iii^d^ris  ssss^s'rfsss'^  s$ 

leoooieioieooiA  oootoioooieoo  ooiooioieoooeo 

pi^S^SifHSSriSti  ?i?:i^S8^3'i^i^^'  S^S^^iS^^^SE^ 

oooieiooieooo  looioiooooioieo  ouaoioiAMOioooei 

S3^S^fi^Si«lSS  ^Sf::@^SSS3$S^  t^Fit^^^S^SsSS^ 

-  ■         -    ■  ■ . .^ —  ■  -  -—■■■--■■■  ^A■         ■  »  »■ 

QOiooioooocieio  ooieooioooMO  leiooooooieeoM 

?:^si^^3S^?isi  sssi^sssssssj?  riE^ss^t^sssssss 

leeoioooioooioo  leooooooooo  loieoooeuaoooo    5 

it^^^g^^^fiS  SSS^SSS^^SSS^  ?^?ss£t:Ss8d3^S3    ^ 


lOiooiOMcoioooo  oiooioeieoooQO  loooooMoioouao 

itg°3S^SJ&i£Ss$  SSSgSS'S^SS^SB  SJSsSSo'^^sSSSS 

ieotf»ioiAiAooioio  oieioeiooioioioo  ooieooooooioo 

S^S^SSSdS!e  S3S3SSSS8S^S3'  ^SSSSf^f^iSS^^SS 

loowiooieci'ooo  oooiaoooooioo  ooooiuaoociieoM 

$^?:iS^rH33iSSSS  S3SSsS3SSS8giSS5  ss^^ssr^s^s^i^ssss 

ooioiooooioeiio  ooioioooiotoioo  oe^o«'cioe>eooo 

{i^S^SS^SSS  i^^S3SSSI8^^S3  ^^^iRl^fi^iiti 

eoiooiAooiooioie  ooieioieooiooM  ooioioooooooo 

^^^i:s5^SS5Sgs  S^i^^ssSS^S^Sg^  {:r^r^^^;^S^?^^{: 


ioieot«e4ciooioo  Miooioooioooo  oooonioieooMdO 

^^^ss^^^ss^r^  its^^ssssst^se  ^ri^^^^i^ri{3S?i 


ooooioooMOio  OiOiooeiioooieo  oieoioooioieooie 

fig^SEdgi:^^^  ^3S?i^^3Sr^gf  RS$S^3S?!S'S'^Ff 


oieoioooiooieo  oooooooieieto  leoooieoMooeo 

SSSS&SFISf:?:  S3&^R?^3&;^S  S3S3S;SfSSS8S 


iooot*o«oiooieto  oeoooieioiooo  eieooo»io»ooo 

SSSSSSSSSS'  SSS^SS;SS^SS  sssss's'sssss; 


^  04  CO  <^  M  <^  t^  00  »'  O'  ^'  ci  M  -^  lA  fO  t^  00*  O*  O  r"'  n*  90  ^  IQ  tt  t>  OQ  0»  C>  ^ 


K9Bn0}(B<ftVA 


fH  9  9  g  9  s  9  9  3  9  9 


,5=" 


a  999999999 
(C  be  fas  fas  fas  t«  M  Ml  61 
99S9999999 


«  «D  «  a  ^ 

&  i  ui  &  i 

9  9  9  9  ao a  o  a  a 


8 


8 


oiAioiaoiooiiooo  iecoe«ooiooooaoo  OMOoioettieottO     9 

{i^^SlSSS^SS  S33^@^SS3SSS'  ^^8S3&ggSsSdS2$    8 


00 


s 
n 


8 
S 


BEPOBT   OP  THE   CHIEF   8IGNAL-0PPICER. 


921 


I 


I 


C     P     5 


I 


•m  -d  xo'd 


'xa'ds 


'm-di 


'iQ'dg 


*va'dq 


'ox'df 


•m  'd  j^*5 


*ai-d2 


•ui'dx 


'uoox 


uitin 


2     ,  -ra  •«  :o*OI 


'm  *«5 


'Of  *«s 


va'^i 


•m-vSf-g 


I 


§§§9S§3§I§  §3S§SS§g§§  §§Sssi§i3i§ 


I  O  O  O  <-<  ^  "H  i-i 


§§iSli§§§S  §SS§§Sg§i§  g»gl^g§s§§ 

iHi-trHfH^^f^rHOO    r^  »-J  i-i  r^  »-J  i-I  i-i  i-J  i-i  rJ    i-!  fh  fH  <>H  O  C>  C>  i-!  <-?  •-(  <-i 


ssi^sis^iSi  s^^^sngggi  sss§g|2sg2g 

OOOfHOOi^iHOSOk    Oi-ifXfH^f-iSoOO    Oi-if-HOC8cbO»OfHOO 
i-J  •-*  ^' i-i  i-I  i-i  rJ  f-i  C>  O    »-iiHi-Ii-Ir4iH»^i-iiHiH    iH  i-!  iH  ph  O  C>  O  i-i  f-i  rJ  ^ 


ig§as§§§§i  §§§§§§gii§  §§§i3ii§i§§ 


I  O  O  O  iH  iH«H  iH 


§§i§i§§s§i  §§§§§§§g§i  §§§§§g§§§§§ 


I  ©  O  O  iH  f-l  f-l  iH 


i§§§ii3§ig  ig2§iHi§ii  g§§§i§§§s§§ 


lOOO^lHiHfH 


:§§§SI3S§§  |§§|8§§§§|  gSSiglSiSii 


I  O  O  O  !-•  iH  iH  iM 


'S§dS§^2SS  S§SS§s§sS3g  i^^SilSS^Sg 


I  O  O  O  !-•  »H  i-ii-l 


§i§§s§igii  g§gss§§§§§  iss§§§§i^§i 

f-4  iH  f-4  iH  f-4  iH  iH  p>i  f-l  C>  »H  i-J  rH  »H  p4  l-I  i-J  »-J  rH  H  p4  »H  r4  »-J  O  O  cJ  C)  i-J  ^  l-J 


§§§5§i«§ii  iiiggssgsi  is§§§i§isii 

pJpjp4iHfHp-<i-4i-4p-:c>  G)fH.-<i-if-i^i-Ji-Ji-IiH  ^'pJi-Ji-Jddddi-li-Ji-I 


issssisggi  i§§§i3i§§§  i§iigi§g§§§ 


lOOOOr4FHr-t 


§§Si§§§gg§  gSI§§3§§Si  i§§§8S8gSSS 


lOOOOiHi-lfH 


§§§§ii§2ii  g§SS§SS§3g  g§§§SS§S§Si 


lOOOOi-ltHiH 


g§Siii33§S  ga§§§S§li§  §S3§i3§S§S§ 


•   •   • 


lOOOOlHiHl-4 


I 


issss^sgg  §s§a§§g§§§  gassisssigg 


iOOOO*-«iHf-i 


lisiggiigl  lisssasisi  gi3ii§8§§i§ 

riwipAfif^rii^r^r^^    C>  p4 14  iH  iH  pj  rH  i-S  p4  ^  iH  tH  tH  p4  C>  C>  €>  €>  r4  H  tH 


S3 


a 


.4ci«^-d«t^o6<rfo-  -jswssdbjadgg  Ejgi8jsaiS8J8Jgi8d 


So 


COOfiBOMOfiBSMOtOtM 


MMMOSoAalbA  Qfl Qfl bB bS bC U M U M M  COOfiOOMofi WMotOtMM 
. ^.  9999999  9999999999  9  9  9  9  9  9  9  9  9  9  9 
^^^^4)^^^^^    ^«<^<^<«   ««<^'^«« 


S22 


BEPOBT  OF   THE   CHIEF   SIGNAL-OFFICER. 


.S 


* 


is 


0 


Pi 


I  • 

•-■  Ob* iH 0  9100^0  MooAiONQOt^ioio  oe4»-4ioi-40»e4aiie«^o 

I  '"^'"^^'^ !     :9'{ss's's^{^$'gsgsss  gss?is^7'$ss$s'g$'  i^iSsSstsigslssss^' 


'oz'dg 


'\a-di 


'ui'd9 


oe40ciot«o^OM  eoioiooookeiaoesao  letoaftf^otoe^OiHciaD 

!;;i^sS^^(;^;JS^^'  ^Ss^^'^'^Ss^'^SS  l^i$SSSiS'S2^llS'SS§Sig;;i 


b>eoxe40iooacoiA   i9t«ooe'«OMC«i-40   OMOi-ieeooc^CkoOr-i 

^SSSS^^S^^;^^  ^§SSS^:S^IS!'^^^  S§i^S^SS'S8S§SS'{^^ 


^  ! 

IS 


t-OQonoaiooMci  oeoof-^-fOooioo  ioo^oeie»^eooes 

^$'%;;9's^9^'9'^  9^i^9'!$^'$'9^g'  s'^sts83SS;?:;s§S9 


'ca'ds 


MMtOOQOOlOOCI^    OiHOOC9eeOi-ieiO»    -^  i-i  iH  O  ei  O  »  M  <«  00  f-i 

$^Ss99g^;;'$'9'  ^9Si$^:;'S$^'S'  ^^S^S^S^^^^Si^' 


K>  QO  Ok  Fi  CO  O  04  04  00  04  00  ■«•  lO  CO  CO  ^  t«  04  qp  ^  04  Ck  iH  iH  lO  tO  »  iH  00  00  M» 

iiiin4i^i^i>4  44^^'4^^.i^ii  ^^a^^i^mi 


3  I 


'xa  'd  2^*8 


e>9oeoo<<fi9^c>«r3«  ^e«e4C««009i04OO   acr-iOO04O04Oe4e«e4 

9xi^94si4s4  4Ut&^!i4^fii4  tiiiUmii^ 


'ai*dz 


'ui'd  X 


'UOO|j[ 


•ra  •«  IX 


Oi-^xeooe40iooio  -<i> o< 04 oe o » *-< o o m  iciHC4oei9<oooMOOt» 

S^:3:$9$S8S9  ^SSo^!;99SSS  ^9$;?:SS^$9i;SS 


ecoioeoM9oiio<ooe4  ioi-4b>oooio^M3'-<  0C4e4t*^e»akiHr-te40 

$9^$^9SSg9  9SSS$$9SS3S  S:Cii^S99S9$S 


09  o CO '« OS  Ok «o  10 eo le  04 o<  10  o« 01  oo le o 04 co  fc«Mseko^04iHb>OiH«4 

^t^$9^$'sS$9  9d9g$^S'SS;s'  9'$';;9'S^$'^'^^9 


oo40o»io<-iiaoaoo  iooo<«ooo4coo40  oiei-io04Oc4akb>ioiA 
$'!$$7'$!^$3$'9  ^S$$^$'^!;SS  $9$«'SM9'!3^^$ 


•m  •«  io'Ol 


0404eQ0904fH^OOO    0^0000001041000^    iH  O  O  0<  Ok  b.O  10  O  O«0 

«$S$^;;i^S$$'  $'9$'^'$9g'93£g'  9^;^93^§^;?9$'9' 


'in  *«6 

« 


o<-io-«aoi-ioo4'^o  e4OO0koooooe9  iookM»eeOfHOiHe^«e4 

i^i^i^iii^^  {^:C9S^9^9^$  ^99^83S^S8S'79Si 


••WW    •' 


m  'vg 


ooiioeioo^oiiooo  lOdOiooioioooo  Oktoek^ooea^i-iaot^ot 

Mi^'$'2S'S$^99?«3  3^${^;^$'$$'9'9'  s'^^'s^ss^^st^is 


•in*»i 


iooc<ooeeo<«(0040  iooiOioo«oo4coo4*4  iei«oceocc«oob<>ee 

{iS'S$^l8$'8S«S;S  Slg'92899'S'i^^§S  i^ii^^;s'SSS'S'SIS'l^ 


*a  *m  zt'Q 


Mooookooeooioie  oaooio««ioaoox  oooooekO<-i>H.^i> 


•    •    •    «    ■ 


9 


9 


$ 


S 


12 

• 

9 


9 


8 

9 


S 

9 


S 


So 

Is 


3 


rH04«^««t>oookg  sojgsggt^ogog  sassassiag^iss 


■»»■»»     «a  «««»  44  «»««««  «a  .^  «»     «» 


<-<<^<<--<<^     <<««^'«^< 


REPORT   OF   THE   CHIEF   SI<}NAL-OFFICER. 


923 


I 


<S 


'ox'd^'O 


gip^isiii  ii§^§gi^.^^  §i§as^§p§ 

ri!r^,.HiH<-4rH<-4-HC>C>    fHi-ti-l<-^i-^»^Or^rHi-i    iHiHi-lrH<-^r-4i-(iHiHM 


gi§ii§§isi  ii§§§§§§s§  s§§§i§s§§i 


s 


liSSSSslig  SISHilisIS  S§§§§ll§gl 


*tn*dg 


pissisiig  i§§g§sp.Bg.  gii§§§§§§i 

_«,H^i-i^THi-«*^00    i-Ji-J»-i-4t-iG>C>»J»JiH    fHiHt-JiHi-J^r^F^i-IiH 


'ca'dg 


§§^§s§s§gi  §gspi§§s§  gsg§iigsii 

iH  f4  1^'  f4  •-•  iH  r-t  iH  O  O     rH  IH*  i-I  t-<  i4  O  O  •-•»-<  ^     »4  i-I  iH  l-l  fH  ^  «M  fH  »H  l-i 


§s§§§§3§ii  s^^p.pssi  §s§i§p§i§ 

iH  r^  iH  f-l  *4  i-«  p-i  iH  O  O     ©•-'»-<  ^' «-•  O  O  »H  »- iH     f-I»H  fH  M— H  fHiHFHiH^ 


3 


»iiigsss§§§  ig§iii§isi  issaisisss 


•ui'dz 


s§§§gs§ig§  isisig§2§i  g§ia§i§§gs 


•ta*d  X 


sgi§ig§iii  iiummi  tsMimm^ 


g 


'aooj{ 


8 
I 


IggSSSggii  l§§§!:§IS§S  SISSiHSSi 


I 


s 


•ia'«  II 


SgS§lill§§  ISSSIiSaBH  §§l«gggggg 


'in  •«  20 '01 


■ai'«G 


SIISsSSSSiis  igSisilSSs  gggggiS^gS 


Sill§g23§H  gSlg§§§3S!:  gggSliggSS 


*un*«8 


SgsiSSisll  §i§§i§§§§3  iSSBgiigSS 


•ai'«i  I 


gg^sisssss  §g§is§i§§§  ssssiiisgi 


*a*«s^*g 


sissiggsgs  §i§giig§§s  i§§s§§mg 


§ 


% 


r-)  C«  00 -<l>  lO  <0  l«  00  0>  P 

gaaaaaasaaa 

aQQcaDcuGOQQaQKXx 


aaaaaaaaaa 

0«  Di  fit  CV  A  fit  Qi  O)  Di  A 

xaoxxxcDoocooQaD 


aaaaaaaala  sa 

aSoDndQcnQEintundQ 


924 


REPORT   OF   THE   CHIEF   SIGNAL-OFFICER. 


'oi'do 


'la-dg 


'mdi 


'va  d  9 


•lu  -d  fi 


'cn  'd  f 


•m  "d  zrz 


•m  -d  z 


•m  -d  X 


•uooii 


•ra  •«  XT 


UI'BiO'OI 


•m  •«$ 


'ca  'Vg 


•in  -Hi 


•lu  •«  8f  fi 


I 


oioieooomeoio  ooioooieoooo  lOoioieooMMeioo    S 

S9'9'l8&S';SdSS  £^2SSS'3^g'9S  S'^99S9SSg^    S 


ooooiooooioo  oieoiooooooo  ooioiooooooe^    ^ 

399S8SSSS3  8SSSe!S^$$S  S^SSSiSS^SS    18 


loooieociooieo  ooieoooM»ooo  oooooooo^o    S 

S!$!9^SSSSgS'  S'SSSSSS^'S^  ^9S'S3S^SS'8    S 


lAOOiOiOOOCOiO    OOOOlOiOlOOiOO    iOiOOOOOOOMO 

*.*****•*••  ■»■•••••••  •■••••••••  ■ 

'S'^^\oz^^^^^s  ssss^s^^ss  s^gse^ssss  u 


oooos^ooieoo  leiooooioieieioo  oieooe«ooob-o 

S'^^?i:^i^^^s^  S3SSi^&'?:$38  s^ssf^dsi^^s 


looiooioooeioo  oooiooooieieio  msoooommooms 

^^s'^^sjsi^sr:  Fisssrf^rE^ss  s^'s's^^^ri^r! 


ooieieoooooo  ooioioioiooMOo  OMMSOOootttoie 

3^«^S{^|£^?^&  £s^&£i!!3«SS  8«S^|:!S&SS3S 


OlOOlOlOOOOOO   OOOOOOOOOtt   loooooioeooo 

C^98g^^Sr!S  gS3SS&SSS!9S^  ^^gSSE^SSS^IS 


oooieeioeooie  ooioieiooieOMaie  oieieoieoieooo 

^^;a9^t^8^^^  S3^g^Qi^^9S^  4si4i^44iti 


i-<      ^rf  |Pi4  «H  (H  vH  <^  1-4  pN  fH  C4 


woSisnaQfaQaQxaS  nxnaDODCRXKaaaD  aonaQooaDxaSaDaaS 


IS 


lOOOOOOOOiOiO    OOiOieiOiQOUSUaO    IOOOOM9IOOAOO      9 

S^Sr^^^'S^SBF!  fiS$Sf^^S3l^sg  S^SSt^SE^riL'^^'    3 


OOOOOOMiOOiO    tOOOOOOMOieiO    lOOOOOOlOOiaO      S 

S^sr^l^sss^S'F^  SS&S^t:;:^3S  iiu4^z^ti^^ 


leoioioeoeieoo  lOiooiOM^oooifi  uaooooouaieoo    S 

eS^pii^SSiiSgF:  sss^S^S^S$5S  S9'SS?iys;^^^   s 


oioioooieioieiee*  ooooeoooioio  oooooooooo     @ 
SSS^^^^gi^SS  ^SS'^3?S$SS  S'!?^S^'SS[3|»?i    ^ 


OOOiOOOieiOieO    lOlOOieMOOMOO    OOlOAMdOOOOO      S 

r:S92&'RSlSS3'  !Sj^'S$S$S9'9'S  ZS'S'SSSSS^S    S 


oieieieonoeeio  looioooooooe  ooee«oo»ooo    ^ 

:S9^!«;dSSS'8S  SSS$9^S9'9S8  ^S'S$'8SSS8'!g    2 


2 


leoooieoeoiao  oooooooiooo  omooomsoomo     S* 

^8'99^883's«l$  $SJ^^S'S$!;S^gS9  ^S9'^^!;gi9$«j   4 


REPORT   OF   THE   CHIEF   SIGNAL-OFFICER. 


925 


I 

I 

2g 


fti    5 


9 


e 
Q 


o 

is 


• 


i  I 


JS 


s 

■s 

C 


•ux  -d  XQ-fl 


'ax'dg 


•ox-di 


'ux  'dg 


'in  'ds 


■ia*dt 


•oj  *d  3^*3 


•tti  'dg 


•in'dx 


*uoox 


•ra  •»  XI 


'ra  •«  lO'OI 


'm  '«o 


'cn  *«8 


•CB  -^A 


•ox  •«  g^'fl 


I 


&SSS^2S''^SS?S  S^^SS'^^^S'^S  ^S^S^SS^'^^J 

o  o*  Ok  9  o  o  o  S  So  39  So  0>  00  S  o  00  E^  f>  ao  So  c&  36  Ok  So  cK  s5  O  o  o  < 
iH d d d i-« iH r4 d d o  ci^^d^ci^^^^   ddddc*-!i-«F4fHi 


ig! 


•    _•         •         •         •        •    _•    _^m    ^» 


•    _•    • 


i-l  O  O  rt  ri  i-i  p4  O  O  O    OOOOOOOOOO    OOOOO 


«•••«••• 


uoooo»ooo< 

•       ••••■•    •    •       •        •    _•    •    ■    •    •    ^i       •       •    m  •       •»       ■       •       • 

r-iQOOi-lpHrHOOO    OOOOOOOOOO    OOOOOi 


•         •         •         •         • 


I? 


^SS^gp^r-t^^s^  SSXwc^^^i^^raA  coioSNoSSvcsS 

o3>o»a>Sooo>oooo   aoScacokOL^t-KJUuO  cBoSooaoSooooo 

«••••••■••    ••■••■••••  ■•••••■••« 

r^OOOOiHr^OO  O    OOOOOOOOOO  OO  OO  Or-li-4iH  rsiH 


^>fios!:#t»ioeo»t;  Sr5Si9t:^S9l:-S:l!  ^^S^St^^^^^c^* 

(sSBsiXScjRSSS^Sl  $S^S^S»??'b§^S  SSsSiSSJI^ia!::' 

oa>0>0>OOOOkaOao    aOaoaog>oat-t^i>aoaO  OkdOoaoooooooi 

i-idddiHiHiHddd  o^cidodciodci  o*o*dddf-ii-iiHfHi 


ii§i§§§§ii  §i§iiggi§i  iiiiigiigi 


•  _• • 


•     •    • 


idddvHrJr^ddd    OOOe>OOOC>OC>    OOOC>0«-iiHp^i><fH 


O90k8>o8odk8dw   oDoSBSSSr't^t'vwoo   oiSSabSooo! 


obkOfebkOOOSSoooB    wSwdaCB^t^t'^waO    &ccSbao9ooo5b< 


•  — •  .^' 


■       <t   m       ■   •   _j» 


r4000p4iHfHOOO    OOOOOOOOOO    OO  O  OOr^i^iHi-iiH 


§s§i§g§3gg  giiiigs^gg  §§iigi§g§g 

i^dddr-irHiHo'o'd  do'dddddo'dd  dddo'di-ir^iHiHr-t 


iisSgisi^g  i§§isggi!§g  §i§ii§ii§l 

f-(C>o'diHr-4r-4o'de)  dddddddddd  dddddrir^yir-iri 


§i§g§§i§§i  SsSSiHggig  g§i§ig§gi§ 

M*dddr4,4M'do'o*  ddddddddcSd  dddddrAr^^ri^ 


§§§§§g§§§§  §§§iggg§ii  §gggs§§ii§ 


oocKS<SoocB96cS  QoSooSoi t•^•^-a6ao  cSoBqdSHooSoo 


•   _•  _• 


«  • 


r-i«-iOOOi-iiHOOO    OOOOOOOOOO    OOOOO 


ooocBOkOooiwS  P*  So  So  oa  a*  i«  r>  <o  So  96  SoobooSo  wS  o  o  oo 
Mi-(dddr-4i-4ddd  dddddddddd  ddddddwir^t-it-i 


9 

8 

s 


OOoB 98(00 wSoSo  t*SoSD 9 o> 9Dr» tS5 w   00 oDooS wo o 000 
i-!iHdddfHf-iddd  dddddddddd  ddddddi-iiHiHi-i 


ooo>ooio09F>w   h»aoSdcSo>QDC'«lDwao  abaoSooDWdSoooo 
p4ihOOOp4fhOOO    OOOOOOOOOO    OOOO  OOih  iHi-i«H 


iHe«co^ie<ot«aookQ 
aaaacaaaaa 


aaaaaaaaaa 
5555555555 

P«QiO«Ptfi,0,OiOiO)0« 

oQaQaQnaQaQaQaQwdQ 


aaaaaaaaaa 
5555555555 

XaQOQXasaDQQaaiSaB 


926 


REPORT   OF   THE   CHIEF   SIGNAL-OFFICER. 


>4 


.2 

OD 


P 
pus 

P. 


•ra  -d  io'fl 


'nx'dg 


•ui  "d  i 


•ui  'd  9 


•ra  "d  q 


'to  'd  f 


■oi  'd  j;^ ;; 


•ra  'd  5 


•ra  "d  X 


•uoox 


•ra  •«  XI 


•ra  •«  iO'ox 


*ra  "wc 


•ra  *ti  g 


•ra  •«  1 


iOMiet»e<oe<iQce>ica   OfHo«i»o>o40iO(0  ooo«i~iac«»aoM 

i8S'r;^s2^s;:^')!i^  ^s'^>;g>j^s'^^'  I^S^^^'S'^S^SS^' 


ioo«e^c»tsi»^u5a»   xr-ifHoecieieo«oio  oooooicoaoimo 

SS'gdcS^'l^SS^tS^  S'8a^S3SiS^!S!l°  Si^2c!i^SSS^S^^ 


«    I 

a  I 

I 

S    i 


MOOe>oo^«eox«  iHOOoe<(0t-«i-ioo   inxeoxotoeifH^et     3 

^8§4ss'$'^'s!»is';;'s'  sssssj's'sssi^'si^^'  ^gissjg^ggts's  ^ 


oak0ococc490  oxc^fHCiee^oeio  o ia m <-•  t» ia is b> le <p 

4M^^4M4n  ^^^^t^^i^^  ^m^U^^du^ 


MOioiooeQ-Hoe^x  iocie>ioe4o<'«ioxx  i-ii«SiC9<-i««t»c«x 

$'e;S^^'^'$'^{^7'S'  SSSS^S'SS^SS^^^  SSiSiS'eiS'^'ssSSSl 


si 


t«i-i-^t«oxcQO'«t»  r-ieioe4i>oorHC4i-i  -^oMOOoor-M-^e^ 

$^s'cS^^^^^^  ^ssi^Si^s^ssss'sj  ^si^^sJs'ssss'ss 


0'^9C4999<0940i-(  -<i>t«oa»o»*-40oee  Oie'«i-'Ooa»qoeor-i     9 

9'^^'^'^'$'^'^$$  983^S'^S:;(gS32S  S'SS'l^'s^'S'SSSSSSIg    S 


«io-«oorHC»Me<D  ie^iHX»9<fHooe»  oooooiHiHxooei     So 
$SSS'lS^$^^$':^  !$^l^^§gES'^'cJS§S^  !^'S^'^S^;sS'^'cSSSSS    S 


iHOOCOO^^e^r-ir-l     e4X»C1iHO?43»i-40    OW9<9<-iOeOMeO 


oo 


s^s^$;;^$i$^  !$;;s:;^g?<iS2S^g  ^3^^?s?«s^^^ 


ooxoeomo>o>«ei  c<ic»oo«^m^om  o»t-raa6xt^r-ir-iciak     m 

SgSlrlSS^'^:;^'^;;!  ^^^^'^^;S2S^'§8  ^^^^'^^n^'^^S   ^ 


SS3^S^!$$iS^^^  ^S^^^^^S':^'§^'lo'  ^^yi'ciS's^'g^^^'SS    ss 


Ks lo c> o 01  m to'O r-te^  «HoeooiOb>9ioeoc4  o>^ciccine40«oo> 

^mn^4^^^^  f^Q^^^^^^^^  s^6J^'^^i^'^^ss 


oiAN^^0i>MOeeo  ecwxc40oc«oi«o  OiAOS>c^i-4C»o»eo     S     I 

^'^^'e^^^^a^^^  ^'j^^^i^d§^'^?i?l  ss'^^'!^'3'^$'co'sssi  ^   I 


t^t^i 


o 09 o o X urot t^xio   xceoeieo^ioeioko  ct»t^x<-<6a3ii-)r->ao 

s^^^oS^^^^^'  ^^^^^'^^^Si$'  ^^s$?:^?;^$'gi^ 


s 


iMIOMOeiOiAXr-lX    Ofrl«lOMeO»OarHlO    Or-'SiCXXiCClOO       S 

{iS^Si'S^S'S^^'S^SS'  de^^S'^^cJS^'3'  ^^Sl^'^S'^iS'i^S     ^ 


•ra  'V  s^-g 


fHOOioocgoooiH  ciooicoee-«Mr-4t«  t«t«ooootoo«FH     Sc 

^sls^^^sssss^g^  gi^^ci^^ss^si  d^^'cS^dsii^is'si  i^' 


2 


r^^^^^'^^<^<^0    S^C5;3«®t^Xcjg    556l*JSJS^£55gg 
gllllllllll    imilllll   llllllllll 

Saaasggsass  saaaasaaaa  aaaaaaaaaa 

i2£iS£i^^£i^^i{  liH^H^SSSa^  SSS^SSiSSSS 

SiSSiSi&SiSSiSJS^  ,9.S^^SS^S&M  ^J^SStS^S^S^M 

OQQuCnQOinaBXXXX    X-XXXXCCXCCaQX    KXXXXCtCuOQXX 


APPENDIX    No.  74. 

War  Depabtmknt, 

Washingtoity  May  23,  1881. 

SiB:  I  have  the  honor  to  inclose  to  you  a  communication  from  the  Chief  Signal  Officer 
to  myself,  Teoommending  that  Sergeants  Wright  and  Greene,  described  as  '^  of  the  Signal 
Corps,  United  States  Army,''  be  appointed  second  lieutenants,  Signal  Corps,  United 
States  Army,  and  the  opinion  of  the  Judge- Ad vocate-Oeneral  given  upon  the  communi- 
cation as  to  the  status  which  would  be  held  by  such  officers  after  appointment. 

I  have  the  honor  to  request  of  you  a  review  of  the  opinion  of  the  Judge- Advocate- 
General,  and  further  to  request  your  opinion  upon  the  general  question:  whether  officers 
engaged  in  the  performance  of  duties  under  sections  221  to  223  of  the  Revised  Statutes, 
other  than  the  Chief  Sigmvl  Officer  and  officers  detailed  from  the  Army,  as  organized  by 
chapter  1,  title  14,  of  the  Revised  Statutes,  are  a  part  of  the  Army  of  the  United  States; 
and  whether  the  enlisted  men  engaged  in  the  performance  of  the  duties  under  sections 
221  to  223  of  the  Revised  Statutes  not  detailed  for  such  duties  from  any  branch  of  the 
Army  named  in  section  1094  of  the  Revised  Statutes,  but  having  indorsed  on  their  enlist- 
ment papers  the  words  *' enlisted  for  the  Signal  Corps,  United  States  Army,"  are  a  part 
of  the  Army  of  the  United  States. 

In  this  connection  I  invite  your  attention  to  the  inclosed  pamphlet,  entitled  Legisla- 
tion and  Orders  relating  to  the  Signal  Service,  United  States  Army,  from  1860  to  1873, 
and  to  a  comparison  of  section  22  of  the  act  of  Congress  approved  July  28,  1866  (14 
Statutes  at  Large,  335),  incorporated  in  substance  in  the  Revised  Statutes  at  sections 
1094, 1195, 1196,  and  1197,  with  the  practice  indicated  by  the  orders  of  this  Department 
since  the  passage  of  that  act  set  out  in  the  pamphlet. 

I  also  invite  your  attention  to  the  act  of  Congress,  approved  Febniary  24, 1881,  enti- 
tled **An  act  making  appropriations  for  the  support  of  the  Army  for  the  fiscal  year  end- 
ing June  30,  1882,  and  jfor  other  purposes,''  and  inform  you  that  at  the  time  of  the 
approval  of  that  act  the  Signal  Service  duties  were  and  still  are  performed  by  the  Chief 
Signal  Officer  of  the  Army,  having  under  him  certain  officers  of  the  Army  detailed  from 
various  branches  of  the  Army  for  that  duty  (none  being  officers  of  the  Engineer  Corps) ; 
also  four  second  lieutenants  appoinml  under  the  act  of  Congress  approved  June  20, 1878 
(20  Statutes  at  Large,  219),  and  nearly  five  hundred  enlisted  men  not  detailed  from  the 
engineer  battalion,  nor  from  any  arm  of  the  service  mentioned  in  section  1094  of  the 
Revised  Statutes,  but  enlisted  by  one  of  the  oflicers  of  the  Army  detailed  for  duty  under 
the  Chief  Signal  Officer  by  papers,  u  copy  of  one  of  which  is  inclosed  herewith,  the  paper 
differing  fioia  the  usual  enlistment  paper  only  in  having  written  on  its  margin,  *' enlisted 
for  the  Signal  Corps,  United  States  Army."  Of  the  lour  second  lieutenants  before  men- 
tioned two  of  them  were,  November  1, 1878,  appointed  by  the  President  ''second  lieuten- 
ants in  the  Signal  Corps,  United  States  Army,"  and  were,  December  2, 1878,  nominated  to 
the  Senate  for  appointment  as  ''second  lieateuants  in  the  Signal  Service  in  the  Army  of 
the  United  States."  The  Senate  coufirmed  their  appointment  December  18,  1878,  as 
"second  lieutenants  in  the  Signal  Service  of  the  Army  of  the  United  States,"  and  they 
were  on  December  25,  1878,  commissioned  as  ''second  lieutenants  in  the  Signal  Corps  in 
the  service  of  the  United  States."  The  other  two  were,  November  12, 1879,  apjiointed 
' '  second  lieutenants  in  the  Signal  Corps  of  the  Army  in  the  service  of  the  United  States; " 
were  nominated  to  the  Senate  December  1,  1879,  as  "second  lieutenants  in  the  Signal 
Corps  in  the  service  of  the  United  States; "  were  confirmed  by  the  Senate  January  13, 
1880,  as  "second  lieutenants  in  the  Signal  Corps  in  the  service  of  the  United  States," 
and  were  commissioned  January  16, 1880,  as  "second  lieutenants  in  the  Signal  Corps  in 
the  service  of  the  United  States. ' ' 

Your  attention  is  also  respectfully  invited  to  sections  3  and  4  of  the  act  of  Congress 
approved  June  18,  1878,  providing  for  the  filling  of  vacancies  in  the  grade  of  second 
lieutenant  in  the  Army  in  certain  cases  by  the  appointment  of  non-commissioned  officers 
of  the  Army,  recommended  by  the  "Chief  of  Engineers  and  of  other  staff  corps,"  from 
their  respective  commands,  with  the  suggestion  that  if  Congress  either  did  not  consider 
the  enlisted  men  under  the  Chief  Signal  Officer  as  a  part  of  the  Army,  or  did  not  con- 
sider the  Chief  Signal  Officer  and  the  men  under  him  as  one  of  the  staff  corps,  and  desired 
to  put  the  non-commissioned  officers  of  his  specially  enlisted  force  on  an  equality  with  the 
non-commissioned  officers  of  the  staff  corps  in  respect  to  being  made  second  lieutenants 
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in  the  Army,  the  act  of  June  20, 1878,  was  necessary  as  an  amendment  to  the  act  of  Jane 
18,  1878. 

I  also  invite  your  attention  to  the  fact  that  in  the  above-mentioned  act  of  February  24, 
1881,  special  provision  is  made,  in  the  proper  clauses,  for  the  pay  and  snbsistence  of  the 
enlisted  men  of  the  Signal  Coips,  as  distingmshed  £rom  the  enlisted  men  of  the  Army, 
but  not  for  their  transportation. 

At  the  request  of  the  Chief  Signal  Officer  I  herewith  transmit  a  communication  from 
him,  bearing  date  the  21st  instant,  upon  this  subject,  inclosing  a  memorandum  with  ex- 
hibits, to  which  your  attention  is  invited. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

ROBERT  T.  LINCOLN, 

Secretary  of  War, 
The  honorable  The  Attorney-Gbnebal. 


Wab  Depaetment, 

Washington,  May  24,  1881. 

SiB:  In  connection  with  the  letter  of  this  Department  of  yesterday's  date,  touching 
the  legal  status  of  the  Signal  Corps,  I  have  the  honor  to  enclose  herewith  additional 
memoranda  on  the  subject,  just  received  from  the  Chief  Signal  Officer. 
Very  respectfully,  your  obedient  servant, 

A.  T.  CROSBY,  CWef  Clerk,   . 
For  the  Secretary  of  War,  in  hie  ahaenoe. 
The  honorable  The  Attobney-Gekebal. 


Wab  Depabtmbnt, 

Washington,  June  1,  1881. 

Sib  :  I  have  the  honor  to  inclose  herewith  a  communication  from  the  Chief  Signal  Officer 
of  yesterday's  date,  covering  addendum  to  memoranda  regarding  the  legal  status  of 
the  Signal  Corps,  transmitted  to  you  in  letters  of  this  Department  dated  the  21st  and 
33d  ultimo. 

Very  respectfully,  your  obedient  servant, 

A.  T.  CROSBY,  Chief  Clerk, 
For  the  Secretary  of  War,  in  hi$  abeence. 
The  honorable  The  Attobney-Genebal. 


Wab  Depabtment,  Office  of  t^e  Chief  Signal  Officeb, 

Washington,  D,  C,  May  20,  1881. 

MEMOBANDUM. 

The  Signal  Service  had  its  origin  in  1860,  when,  by  the  act  of  Congress  approved  June 
-21,  there  was  added  to  the  staff  of  the  Army  a  xnsgor  and  signal  officer  to  have  charge, 
under  the  Secretary  of  War,  of  the  manufacture  and  purchase  of  apparatus  provided  for 
by  the  same  act. 

The  act  of  February  22,  1802,  gave  to  the  officers  acting  as  signal  officers  the  pay  of 
mounted  officers,  but  made  no  provision  for  the  men  who  were  detailed  from  the  line. 
But  the  act  of  March  3,  1863,  organized  "  The  Signal  Corps  of  the  Army, "  with  a  Chief 
SigQ^  Officer  (a  colonel)  and  subordinate  officers  (lieutenant-^»lonels,  minors,  and  cap- 
tains), and  enlisted  men  (sergeants  and  privates)  who  were  during  the  war  of  the  rebell- 
ion a  part  of  the  regular  Army.  (See  opinion  of  the  Judge-Advocate-GenenJ,  October 
^,  1863,  Inclosure  A.) 

Following  this  decision  the  forms  of  discharge  were  assimilated  to  those  of  regular 
troops  (letters  from  Adjutant-GeneraPs  Office,  July  28,  1864,  Inclosure  B,  and  July  30, 
1864,  Inclosure  C,  and  circular  No.  40,  War  Department,  A^utant-General*8  Office,  1865, 
Inclosure  D)  and  while  in  service  they  were  transferred  like  other  soldiers  from  one  arm 
of  service  to  another  (Greneral  Order  106,  War  Department,  Adjutant-General's  Office, 
April  28.  1863,  paragraph  2,  Inclosure  E). 

It  will  be  noted  that  this  law,  though  it  organized  the  corps  on  the  same  basis  with 
regular  troops,  expired  by  its  own  limitation  when  the  rebellion  ended,  and  the  corps 
accordingly  ceased  to  exist.    The  last  discharges  were  made  in  the  early  part  of  1866. 

No  useful  purpose  will  be  served  by  examining  the  long  contest  between  the  Secretary 
of  War  and  General  Myer,  by  which  the  chief  offices  in  the  corps  were  kept  vacant  to 
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all  intents  and  purposes  from  July  4, 1864  (Incloeore  F),  when  General  Myer's  appoint- 
ment as  colonel,  nnder  the  act  of  March  3,  1863,  expired  by  constitutional  limitation, 
and  no  successor  was  appointed  until  on  the  reorganization  of  the  Army  by  the  act  ap- 
proved July  28,  1866,  section  22,  Colonel  Myer  received  his  appointment  and  confirma- 
tion as  colonel  and  head  of  the  corps.  But  had  he  received  the  appointment  and  con- 
firmation as  colonel  under  the  law  of  1863  he  would  at  the  close  of  the  rebellion  have 
fallen  back  to  the  rank  of  iniuor,  as  provided  by  the  law  of  1860,  the  law  of  1863  having 
expired  with  the  rebellion. 

The  new  law  of  July  28.  1866  (Inclosure  G),  reads:  '^ThereshaU  be  one  Chief  Sigma 
Officer  (colonel  of  cavalry).  *  *  *  And  the  Secretary  of  War  shall  have  povfer  to 
detail  six  officers  and  not  to  exceed  100  non-commissioned  officers  and  privates  from 
the  battalion  of  engineers.''  *  *  *  This  was  virtually  a  reorganization  of  the  corps, 
the  old  corps  of  the  rebellion  having  actually  ceased  to  exist. 

The  Secretary  of  War  was  by  this  law  given  power  but  not  command  to  make  these 
details,  and  he  proceeded  to  carry  this  law  into  effect  by  a  departure  irom  its  text  but 
not  firom  its  spirit.  For  various  reasons  this  law  was,  so  far  as  the  enlisted  men  were 
ooncemed,  practically  suspended  in  execution  until  Aagust,  1868.  On  the  18th  of  that 
month  General  Myer,  the  Chief  Signal  Officer  (since  July  28,  1866),  applied  (Inclosure 
H)  to  the  Secretary  of  War  for  the  assignment  of  a  sufficent  number  of  selected  men  of 
the  general  service,  not  attached  to  any  regiment  or  corps,  to  constitute  a  garrison  for 
Fort  Greble,  which  he  also  asked  might  be  placed  under  his  exclusive  control,  and  to 
famish  a  detachment  for  instruction.  In  his  letter  he  states  in  suggestive  terms  why 
men  so  selected  will  be  more  acceptable  to  him  than  the  detail  of  the  100  non-commis^ 
sioned  officers  and  men  of  the  engineers,  for  which  the  law  of  1866  provided.  A  reply 
to  this  letter,  dated  on  the  20th  of  August,  1868  (Inclosure  I),  informed  General  Myer 
that  his  application  was  approved,  and  Uiat  an  officer  had  been  directed  tp  report  to  him 
for  the  purpose  of  selecting,  **  under  your  instructions,  men  from  the  recruits  at  the  gen- 
eral depot,  New  York  Harbor,  to  form  a  signal  party  to  be  stationed  at  Fort  Greble.'' 
The  request  for  putting  Fort  Greble  exclusively  under  the  control  of  the  Chief  Signal 
Officer  was  approved  and  directions  given  to  cany  it  into  immediate  effect.  The  same 
letter  contains  a  power  very  important  in  the  consideration  of  the  question  now  under 
diflcufision,  t.  e. ,  '  *  should  the  number  of  men  designed  for  the  signal  party  not  be  selected 
firom  the  recruits  at  the  general  depot,  good  men  may  be  enlisteid  here  for  the  party  when 
they  are  approved  by  you,  provided  that  not  more  than  50  in  all  are  assigned  to  it." 
The  legal  status  of  men  of  the  general  service  assigned  to  duties  which  are  properly  de- 
volved by  law  upon  the  War  Department  will  be  further  discussed,  but  it  should  be 
noted  in  passing  that  the  authority  given  above  is  that  under  which,  to  the  present  time, 
or  until  June  ^,  1878,  lawful  enlistments  have  been  made  in  the  Signal  Corps. 

On  the  31st  of  March,  1870  (Inclosure  K),  the  Secretary  of  War  authorized  the  Chief 
Signal  Officer  to  appoint  from  the  general  service  men  constituting  the  Signal  Service 
detadbment  as  many  non-commissioned  officers  as  may  be  necessary  for  its  proper  disci- 
pline, not  to  exceed  the  number  provided  for  a  company,  to  be  paid  in  the  same  manner 
as  oti^er  non-commissioned  officers  of  the  general  service.  United  States  Army,  to  take 
effect  April  1,  1870.     (War  Department,  25,  1870.) 

On  the  10th  April,  1870,  the  strength  of  this  detachment  was  increased  to  a  company 
of  60  privates,  4  corporals,  4  duty  sergeants,  and  1  first  sergeant.  (War  Department, 
32,  1870,  Inclosure  L.) 

In  the  following  July  the  detachment  was  still  further  increased  by  the  selection  of 
30  men  fh>m  the  detachment  of '  *  select  recruits ' '  (really  general  service  selected  recruits) 
at  Governor's  Island,  which  men  were  detailed  for  instruction  as  observers  (as  necessi- 
tated by  the  joint  resolution  of  Congress  approved  February  9,  1870,  and  the  orders  of 
the  Secretary  of  War  thereon,  General  Orders  No.  29,  Adjutant-General's  Office,  1870, 
Inclosure  M).  These  men  were  sent  to  Fort  Whipple,  which  since  had  been  occupied 
instead  of  Fort  Greble  as  the  instruction  depot  of  tiie  Signal  Service.  At  the  same  time 
instructions  from  the  Secretary  of  War  authorized  the  Chief  Signal  Officer  '*  to  enlist 
suitable  men  and  to  advertise  for  them  for  the  same  purpose,  limiting  the  number  so  en- 
listed to  one  for  each  point  of  observation  designated,  with  the  approval  of  the  Secre- 
tary of  War. "  *  *  These  men  will  receive  the  appointment  of  seigeant,  and  will  be  mus- 
tered and  reported  as  belonging  to  the  general  service.  They  will  be  embraced  on  the 
same  muster-rolls  and  monthly  returns  as  the  detachment  at  Fort  Whipple,  to  be  made 
according  to  the  regulations  direct  to  the  Adjutant-General  of  the  Army. "  ' '  The  officer 
appointed  to  enlist  men  for  this  purpose  will  render  the  usual  recruiting  returns  to  the 
Adjutant-General."  The  legal  relations  of  these  men  to  the  military  service  was  in  all 
respects  the  same  as  that  of  the  men  enlisted  at  different  recruiting  stations  in  the  coun- 
trv  and  sent  to  the  recruiting  depot  at  Governor's  Island,  and  from  whom  the  first  detach- 
ment for  Fort  Greble  was  pid^edby  the  officer  sent  by  the  Chief  Signal  Officer  under  the 
letter  of  20th  April,  1868. 
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The  demands  for  a  high  order  of  intelligenoe  in  these  ohserver  seigeants  soon  necessi- 
tated the  giving  certain  assurances  in  order  to  maintain  the  proper  mental  standard,  and 
the  Secretary  of  War,  on  a  recommendation  by  the  Chief  Signal  Officer,  on  the  5th  Au- 
gust, 1870,  authorized  (Inclosure  N)  the  promise  to  these  men  that  *  though  subject  to 
strict-  military  discipline  while  on  Uiis  duty,  they  will  not  be  transferred  to  any  other 
branch  of  the  service;  and  that  a  discharge  will  be  given  them  when  their  services  are 
no  longer  required."     (Letter  War  Department,  12,  Meteorological  Division,  1870.) 

In  the  assumed  power  to  transler  these  enlisted  men  to  other  branches  of  the  (mill- 
taiy)  service  may  be  found  another  recognition  of  their  status  as  enlisted  men  of  the 
Army. 

A  little  later,  on  the  10th  August,  1870  (Inclosure  O),  on  recommendation  of  the  Chief 
Signal  Officer,  ''  the  pay  and  allowances  of  the  general  service  men,  enlisted  for  the  du- 
ties of  the  observation  and  report  of  storms  for  the  benefit  of  commerce  on  the  northern 
lakes  and  seaboard,"  was  made  *Hhe  same  as  those  of  general  ser\'ice  men  of  similar 
grades  employed  as  clerks  at  the  department  headquarters  of  the  military  departments 
in  which  their  stations  maybe."  (See  letter  War  Department,  Meteorological  Division, 
14,  1870,  Inclosure  P;  section  7,  act  approved  July  13,  1866,  Inclosure  Q;  paragr^hs 
902  and  903,  article  39,  Revised  Regulations,  1863,  as  amended  by  Geneial  Orders  79, 
A^utant-General's  Office,  1866,  Inclosure  R;  letter  Headquarters  Military  Division  Pa- 
cific, September  25,  1868,  Inclosure  S;  General  Orders  92,  Ai^utant-General's  Office, 
November  4, 1868,  and  accompanying  circular  letter,  Inclosure  T;  telegram,  Acyutant- 
General's  Office,  Novembers,  1868,  Inclosure  U;  and  General  Orders  30,  Adjutant-Goi- 
eral's  Office,  April  6,  1869,  Inclosure  V,  for  exphuiation  of  the  action  recommended  and 
approved  at  this  time.) 

The  circular  letter  accompanying  General  Orders  92,  Adjutant-GeneraPs  Office,  1868, 
above,  will  explain  in  tbrther  detail  the  status  of  general  service  men;  that  they  are  not- 
only  enlisted  like  other  soldiers,  but  that  where  general  service  detachments  exist  they 
may  be  completed  by  transfers  from  the  line,  or  depleted  by  transfers  to  the  line. 

On  the  5th  July,  1871,  the  Signal  Service  detachment  was  again  increased  by  the  Sec- 
retary of  War  by  the  selection  of  60  men  from  the  general  depot  for  recruits  at  Gov- 
ernor's Island  (428,  Signal  Division,  1871,  Inclosure  W). 

On  the  27th  February,  1872,  the  Secretary  increased  the  number  of  sergeants  to  125 
in  all  (121  Meteorological  Division,  1872,  Inclosure  X),  and  in  March  (25).  1873,  the  num- 
ber of  sergeants  was  still  further  increased  by  the  same  authority  to  150  (256  Office  Chief 
Signal  Officer,  Signal  Division,  1873,  Inclosure  Y).  These  men  as  general  service  men 
were  counted  in  the  total  enlisted  strength  of  the- Army  as  authorized  by  law,  and  as  the 
number  of  enlisted  men  assigned  to  the  Signal  Service  increased  with  the  developments 
of  meteorological  observation,  the  strength  of  the  other  branches  of  the  military  service 
was  diminished.  Congress  hereupon,  June  16,  1874  (Inclosure  Z),  passed  the  first  of 
the  laws,  which  have  been  re-enacted  with  slight  modifications  annually,  by  which,  as 
the  Judge- Advocate-General  of  the  Array  held  (November,  1875),  "the  stated  force  of 
the  enlisted  men  of  this  (the  Signal)  Corps  was  clearly  intended  to  be  maintained  as 
in  addition  to,  or  rather  independent  of,  the  enlisted  force  of  the  Army  at  large,"  which 
force  by  the  same  statute  was  "fixed  at  25,000  men."     (Winthvop^s  Digest,  page  454.) 

The  language  of  this  act,  approved  June  16,  1874,  is  worthy  of  attentive  considera- 
tion: "  Nothing,  however,  in  this  act  shall  be  construed  to  diminish  the  Signal  Service, 
which  sliall  be  maintained  as  now  organized  under  the  authority  of  the  Secretary  of  War.  * ' 
Until  this  date,  then,  the  Signal  Service  was  charged  with  specific  duties  by  law,  which 
under  the  direction  of  the  Secretary  of  War  it  was  called  upon  to  execute.  But  it  was 
part  and  parcel  of  the  Army.  The  necessities  of  the  mUitaxy  service  might  in  the  opin- 
ion of  the  Secretary  compel  him  to  dispento  with  the  further  service  of  nearly  the  entire 
body,  for  we  have  seen  that  under  the  special  guarantee  of  his  authorizing  the  men 
though  a  part  of  the  enlisted  force  of  the  Army  could  not  like  other  soldiers  be  trans- 
ferred to  active  regiments  of  the  line.  But  ftom  the  date  of  this  statute  the  men,  though 
none  the  less  a  part  of  the  enlisted  force  of  the  Army,  were  given  a  more  fixed  and  in- 
dependent status,  and  the  Secretary  was  relieved  fiom  the  embarrassment  of  finding 
their  increase  work  a  corresponding  decrease  in  the  active  armed  strength  of  his  enlisted 
force. 

The  words  "  shall  be  maintained  as  now  organize  "  are  somewhat  explained  .in  con- 
firmation of  the  view  that  at  the  date  of  t}ie  passage  of  this  act  (June,  1874)  the  men 
were  general  service  men  assigned  to  signal  duty,  and  regularly  enlisted  in  the  Army, 
by  the  language  of  the  Chief  Signal  Officer  in  the  preceding  annual  report  (1873)  p.p. 
234, 235  (Inclosure  A).  He  says:  "Recruiting  for  the  Signal  Service  has  been  conducted 
under  the  direction  of  the  War  Department,  that  the  recruiting  officers  of  the  general 
recruiting  service  at  designated  stations  should  enlist  and  order  to  this  office  such  men, 
they  passing  the  required  physical  examination,  as  may  be  presented  to  them  by  the  re- 
cruiting observer,  sergeants  of  the  Signal  Service." 
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The  report  then  refers  to  Circular  No.  17,  1873  (Inclosore  B),  herewith,  dated  Office 
Chief  Signal  Officer,  June,  7.  1873.  The  following* words  are  of  interest,  viz:  '*  Entrahce 
into  this  service  in  all  cases  is  by  enlistment  as  a  private  soldier  in  the  regular  Army  of 
the  United  States,  the  pay,  quarters,  allowances,  and  duties  being  in  the  first  instance, 
and  unless  changed  after  instruction,  detail,  or  promotion,  those  of  a  private  soldier  in 
the  Signal  Service,  <&c. "  * '  The  Secretary  of  War  has  power  to  grant  discharges. '  *  These 
last  words  are  full  of  meaning,  for  this  power  is  derived  from  the  fourth  Article  of  W%r 
only,  and  can  refer  only  to  the  persons  who  under  paragraph  1342  Revised  Statutes  are 
excepted  from  the  protection  of  the  fifth  amendment  to  the  Constitution  of  the  United 
States,  and  as  persons  in  the  land  or  naval  forces  are  amenable  to  the  military  code. 
For  if  amenable  to  the  Articles  of  War  as  enlisted  men  in  one  part  they  are  amenable 
in  all  parts. 

The  subsequent  acts  approved  March  3.  1875  (Inclosure  C),  had  the  same  force  as  the 
act  approved  June  16,  1874  (Inclosure  Dj;  but  the  actapprowed  July  24,  1876  (Inclo- 
sure £),  fixed  the  number  of  enlisted  men  at  400,  independently  of  the  strength  of  l^e 
Army.  The  act  approved  June,  1878  (Inclosure  F),  Increased  the  number  to  450,  and 
the  act  approved  June  20, 1878  (Inclosure  G),  fixed  the  number  at  *'  150  sergeants,  30  cor- 
I)oraIs,  and  270  privates,  who  shall  receive  the  pay  as  engineer  soldiers  of  simihur  grades," 
and  provided  for  the  promotion  of  2  sergeants  in  each  year  **  to  be  second  lieutenants." 
This  law  would  be  sufficient  even  if  under  former  laws  there  were  any  doubt,  which  is 
not  admitted,  to  establish  the  full  legal  status  of  all  the  enlisted  men'  of  the  Signal 
Corps  from  that  date  onward. 

The  act  approved  June  23,  1879,  fixes  the  number  as  now  organized  (i.  e.,  with  the 
same  grades  as  the  former  act),  including  the  provision  for  promotion.  This  law  is  re- 
garded by  some  as  an  establishment  of  the  corps  fix>m  the  date  of  its  approval  on  a  firmer 
basis.  It  certainly  authorizes  the  enlistment  for  the  Signal  Corps  of  men  who  are 
graded  and  are  to  be  jMiid  like  engineer  soldiers  of  similar  grades.  The  words  in  use  in 
the  law  are,  *  *  And  the  enlisted  force  of  the  Signal  Corps  shall  consist, '  *  &c.  *  *  Enlisted '  * 
is  a  word  of  technical  and  special  meaning,  which  has  no  application  to  any  branch  of 
the  public  service  not  military;  a  term  which,  unqualified  by  other  words,  as  by  an  ex; 
emptibn  from  military  jurisdiction,  has  but  one  fair  and  authorized  meaning;  and  used 
in  connection  with  a  branch  of  the  War  Department  service,  and  with  the  maintenance 
or  continuance  of  such  service,  and  unlimited  by  qualifying  phrases,  means  the  enlist- 
ment of  a  soldier.  *^  Enlist  is  a  species  of  enrolling  applicable  only  to  the  military  or 
persons  intended  for  military  purposes."  *'  In  modem  times  soldiers  ore  mostly  raised 
by  means  of  enlisting. ' '    (Crabbe's  Synonyms. ) 

All  the  men  of  the  Signal  Service  have  been  enlisted  with  the  same  formalities  observed 
in  the  enlistment  of  other  soldiers  for  the  Regular  Army,  and  they  continue  to  be  so  en- 
listed as  vacancies  occur.  The  practice  of  the  War  Depsurtment  was  for  years,  until  the 
early  part  of  1878,  to  style  the  Signal  Service  men  in  its  orders  *  *  men  of  the  general  serv- 
ice, United  States  Army,  now  with  the  signal  detachment.  United  States  Army,  at  — ," 
&c.  The  legal  status  of  *'  general  service  men  "  is  well  understood.  The  Army  needs 
recruiting  constantly  to  maintain  the  units  of  its  organization  in  serviceable  condition. 
It  is  fbr  the  most  part  at  places  remote  from  the  centers  of  population  where  recruiting 
is  impossible.  Recruiting  stations  are  therefore  established  in  localities  named  by  the 
Adjutantr General  of  the  Army,  who  by  regulations  (paragraph  911,  General  Regulations, 
1863)  is  changed  with  ^e  supervision  of  fhe  recruiting  service,  under  the  directions  of  the 
Secretary  of  War. 

Recruits  so  collected  are  sent  from  time  to  time  to  recruiting  depots  where  they  are  in- 
structed sufficiently  to  enable  them  to  be  classified  and  assigned  to  different  arms  with 
most  promise  of  advantage  to  the  service.  Comparatively  few  men  so  recruited  have  any 
real  preference  for  regiments  of  one  arm  or  another,  and  as  requisitions  are  made  from 
companies,  &c.,  orders  are  given  to  assign  and  send  recruits  to  fill  these  requisitions. 
Hence  there  are  at  all  times  a  certain  number  of  men  (see  paragraph  8  of  the  now  obsolete 
law  of  July  28, 1866)  recruited  for  the  Army  who  have  been  through  all  the  forms  of  en- 
listment and  are  amenable  to  the  discipline  prescribed  by  the  Articles  of  War,  who  do 
not  belong  to  any  regiment  or  con>s  but  are  classified  in  a  group  as  * '  general  service  men, '  * 
or  *  *  general  service  recruits,  "or  *  ^unassigned  men,  *  *  as  they  are  indifferently  termed  willi- 
out  distinction.  Among  this  class  of  men  are  the  permanent  parties  at  the  recruiting 
depots. 

There  are  necessities  in  the  Army  which  can  best  be  provided  for  by  leaving  a  certain 
number  of  these  men  unassigned  for  indefinite  periods.  Principal  among  these  ore  the 
clerical  duties  for  which  no  other  provision  is  mode  at  the  War  Department  and  the  head- 
quarters of  the  military  divisions  and  departments  and  at  the  offices  of  the  superintend- 
ent of  recruiting  service.  For  these  places  general  service  men  are  more  useful  because 
more'  permanent  than  men  who,  being  assigned  to  companies,  are  liable  to  follow  the 
movements  of  their  companies.     It  will  require  no  argument  to  show  that  the  Secretary 
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of  War  has  powers  of  control  oTer  men  after  their  aasignment  to  companies,  and  before, 
or  he  would  have  no  power  to  assign  them  to  companies  and  in  oonseqaence  he  can  leiive 
them  nnassigned  for  indefinite  periods,  putting  them  on  such  duty  as  best  serves  the  in- 
terests of  his  Department.    Thiis  has  now  become  the  practice. 

If  these  opinions  of  the  status  of  general  service  men  be  incorrect,  then  the  men  em- 
ployed from  the  earliest  date  in  the  officeof  the  Ad^jutant-Geneial  and  otJier  offices  of  the 
War  Department,  those  employed  at  headquarters  of  military  divisions  and  departments, 
and  indeed  those  belonging  to  permanent  parties  at  recruiting  stations,  must  be  classed 
together  as  ill^al;  the  men  so  employed  have  always  been  civilians;  ^e  transfers  made 
£rom  the  line  to  the  general  service,  and  necessarily  those  made  from  the  general  service  to 
the  line,  are  and  have  been  illegal,  for  all  these  men  have  been  regarded  as  general  service 
men  unassigned  to  regiments.  It  is  believed,  on  the  contrary,  that  these  men,  in  com- 
mon with  those  of  the  Signal  Service,  were  all  properly  enlisted  in  the  Army  and  have 
been  assigned  by  competent  authority  to  specific  and  proper  duties  under  the  War  De- 
partment. This  view  may  .be  compared  with  the  recommendation  of  the  joint  Congress- 
ional pommittee  appointed  under  the  act  approved  18th  June,  1878  (page  2555,  Senate, 
Forty-fifth  Congress,  third  session),  and  paragmph  37  of  the  reorganization  law,  pro- 
posed by  them. 

The  enlisted  force  of  the  Signal  Corps  had  from  its  origin,  the  date  when  General  Myer'a 
application  was  approved  (20th  April,  1868),  been  composed  of  men  of  the  general  8er\ice 
assigned  to  sighal  duty,  until  the  passage  of  the  law  approved  June  20, 1878,  when  it  be- 
came a  separate  force  of  Signal  Corps  men;  and  in  confirmation  of  this  view  see  the  acts 
-mxiking  appropriation  for  the  support  of  the  Army  passed  at  the  time  this  act  was  pend- 
ing and  for  the  two  subsequent  years.  These  acts  specially  named  the  Signal  Corps  as 
an  existing  part  of  the  military  establishment,  and  made  appropriation  for  them  in  com- 
mon with  other  branches  of  the  military  service. 

The  foregoing  is  ofiered  to  show  that  the  Signal  Service  is  a  purely  mUitaiy  part  of  the 
War  Department,  not  civil,  or  quasi  military,  with  aU  the  consequences  of  these  distinc- 
tions necessarly  considered.  It  has  been  the  effort  to  show  that  the  men  of  the  Signal 
Service  are  and  have  always  been  in  the  military  service  of  the  United  States,  and  these 
conclusions  are  believed  to  be  warranted. — 

1.  By  the  historical  development  of  the  service. 

2.  By  the  nature  of  the  contracts  of  these  men's  enlistments. 

3.  By  the  strongest  and  plainest  statutory  provisions— especially  that  of  June  90, 1878. 

ADDENDA  TO  MEMOBAKDUM  BEGABDINa  LEGAL  STATUS  OF  THE  SIGNAL  COBFS. 

1.  The  fact  that  the  Signal  Corps  docs  not  appear  in  section  1094,  Title  XIV,  Bevised 
Statutes  as  a  part  of  the  Army  is  susceptible  of  explanation  entirely  consistent  with  the 
opinion  set  forth  as  above.  The  last  revision  of  the  statutes  was  completed  to  January 
1,  1878,  at  which  time  the  enlisted  force  of  the  Signal  Corps  was  made  up  of  genend 
service  men  assigned  to  signal  duty,  and  though  an  independent  force,  the  law  as  before 
shown  did  not  there  give  it  the  separate  status  as  the  '*  enlisted  force  of  the  Signal  Corps,  '^ 
which  it  obtained  on  the  subsequent  passage  of  the  act  approved  June  20,  1878,  and  if 
this  view  is  correct  it  would  be  proper  in  a  new  revision  of  the  statutes  to  insert  in  sec- 
tion 1094,  Title  XIV,  after  the  words  **  a  Chief  Signal  Officer,"  and  before  "aBureauof 
Military  Justice,'*  the  words  '*  the  enlisted  men  (force)  of  the  Signal  Corps,*'  and  in  a 
separate  place  to  set  forth  the  words  of  the  act  approved  June  20, 1878,  which  create  this 
force.  This  plan  is  conformable  to  that  adopted  for  the  Ordnance  Corps,  which  in  sec- 
tion 1094,  Title  XIV,  Revised  Statutes,  is  named  as  ''an  Ordnance  Department,"  and 
as  'Hhe  enlisted  men  of  the  Ordnance  Department,"  and  for  the  Engineer  Corps,  which 
is  named  '* a  Corps  of  Engineers,"  and  '* a  battalion  of  engineer  soldiers,"  compare  sec- 
tions 1154  and  1155,  same  title,  with  the  phraseology  of  section  1094. 

2.  A  point  has  been  raised,  with  what  intent  is  not  clear,  that  notwithstanding  the 
act  approved  June  20,  1878,  the  appropriation  act  approved  February  24,  1881,  in  some 
manner  affects  this  question.  A  comparison  of  H.  Ex.  Doc.  No.  5,  Forty-filth  Congress, 
first  session,  with  H.  Ex.  Dop.  No.  5,  Forty-fifth  Congress,  third  sedsion,  throws  light 
upon  this  question. 

In  the  first  document  quoted,  page  10,  will  be  found  the  estimate  of  appropriations 
required  for  the  pay  of  the  Army,  in  which  the  men  of  general  service  detailed  for  sig- 
nal duty  are  included  in  the  estimates  of  sergeants,  corporals,  and  privates  of  cavalry, 
they  being  mounted  under  section  1194,  Title  XIV,  Revised  Statutes,  and  the  total  num- 
ber of  men  estimated  for  pay  will  be  found  in  Appendix  A,  page  35,  of  that  document. 
On  page  10,  same  document,  will  be  found  the  estimate  for  commutation  of  subsistence 
for  the  Army  and  the  men  of  the  **  Signal  Service  "  and  the  "  observers  "  are  specified. 

By  reference  to  the  second  document  quoted,  page  10,  it  will  be  seen  that  the  law  of 
June  20,  1878,  now  having  taken  effect,  the  estimates  for  pay  provide  for  the  men  of  the 
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Signal  Service  in  the  corresponding  ranks  of  engineers  and  ordnance  soldiers.  On  page 
71  the  estiniates  for  commutation  of  rations  are  made  upon  the  same  plan  as  the  pr«^- 
in^  year.  The  estimates  for  '*pay  "  and  '^subsistence''  in  both  these  documents  now 
bemg  compared  with  the  following  estimates  for  transportation  it  will  appear  that  l^e 
first  two  (pay  and  subsistence)  are  uniformly  made  in  detail  for  sdl  jtarts  of  the  Army, 
and  because  they  can  easily  be  made  the  subject  of  specific  estimates.  There  are  so  many 
men  to  be  provided  at  such  rates  with  pay  or  subsistence  for  one  year.  But  transporta- 
tion estimates  are,  of  necessity,  not  so  susceptible  of  esact  treatment.  The  estimates 
quoted,  though  a  year  apart  (1878,  1880),  will  be  found  to  be  for  the  same  total  amount, 
^,400,000,  with  no  attempt  at  specification.  The  act  appropriating  these  funds  follows 
the  general  plan  of  the  estimates.  It  is  therefore  difficult  to  see  that  the  point  can  be  of 
any  value  in  determining  the  legal  status  of  the  corps,  and  it  would  be  as  proper  to  regard 
the  omission  of  specific  mention  of  the  **  enlisted  force  of  the  Signal  Corps ''  firom  men- 
tion in  the  appropriation  for  quarters  as  from  the  one  item  of  transportation.  If  a  part 
of  the  Army,  they  are  as  clearly  within  the  reach  of  the  benefits  of  the  act  as  any  other 
branch  of  the  Army. 

3.  The  fact  that  within  the  history  of  the  Signal  Service  no  detail  has  been  made  ftoni 
the  engineer  battalion  under  section  1196,  Title  XIV,  Revised  Statutes,  is  beUeved  to 
be  unimportant  in  any  view  of  the  case.  This  section  gives  the  Secretary  discretianaiy 
power  by  the  use  of  the  word  ''may,*'  and  ought  not  to  be  construed  as  mandatory. 

Office  Chief  Signal  Officer. 

WasMngUm,  D.  C,  Ma^  31, 1881.    ' 

2.   COMMISSIONEO  OFFICEBS  OF  SIGNAL  COBPS.  ' 

With  regard  to  the  status  of  the  second  lieutenants  of  the  Signal  Corps,  the  question 
has  been  raised  whether  the  act  approved  June  20,  1878,  really  created  in  the  Signal 
Corps  grades  for  two  sergeants,  who  may  in  each  year  be  appointed  to  be  second  lieu- 
tenants  or  merely  provided  for  the  appointment  of  two  second  lieutenants  in  the  Army 
by  the  promotion  of  two  sergeants.  If  direct  language  is  to  be  plainly  interpreted,  it  is 
hard  to  see  how  any  other  view  than  the  first  can  be  maintained.  After  prescribing  the 
enlisted  force  for  the  Signal  Corps,  it  declares  how  these  enlisted  men  may  rise  to  the 
grade  of  commissioned  officers,  and  this  is  by  '*  appointment  to*be  second  lieutenants. '' 
This  section  of  the  act  relates  only  to  the  Signal  Corps,  bears  on  a|4»roxniate  caption,  and 
is  followed  by  sections  which  relate  to  no  other  branch  of  the  Army.  The  act  approved 
June  18,  1878,  had  provided  already  in  plain  terms  for  the  promotion  of  deserving  non- 
commissioned officers  of  this  corps,  in  common  with  other  non-commissioned  officers  of 
the  Army.  If  the  second  interpretation  is  to  be  given  to  the  act  approved  June  20, 1878, 
then  its  passage  was  entirely  unnecessary,  and,  moreover,  it  mi^ht  become  inoperatlTe 
by  the  &ct  that  no  vacancies  in  the  grade  of  second  lieutenant  in  the  Army  would  be 
available  for  the  assignment  of  two  sei^geants  to  be  promoted  annually.  If  the  second 
view  is  taken,  moreover,  it  ia  difficult  to  reconcile  the  language  used  with  the  general 
and  natural  form  which  would  have  been  given  to  the  wonis  of  the  later  act  (June  20, 
1878).  Thus  had  there  been  a  doubt  of  the  applicability  of  the  law  approved  June  18, 
1878,  to  non-commiasioned  officers  of  the  Signal  Corps,  the  law  would  have  taken  natural 
form  somewhat  as  follows:  **  That  the  provisions  of  the  law  approved  June  18,  1878,  are 
extended  to  include  non-commissioned  officers  of  the  Signal  Corps,  who  shall,  like  the 
non-commissioned  officers  of  other  staff  corps,  be  eligible  to  promotion  under  the  fourth 
section  of  said  act.''  On  the  contrary,  the  words  of  the  act  approved  June  20,  1878, 
ignore  the  existence  of  the  act  approved  June  18,  1878,  and  in  the  simplest  and  plainest 
possible  language  provides  for  advancing  two  non-commissioned  officers  per  aimum  to  be 
second  lieutenants;  not  of  the  Army,  nor  of  the  infantry,  nor  the  cavalry,  nor  the  ar- 
tillery, but  of  the  Signal  Service;  because  this  section  of ,  the  act  relates  only  and  dis- 
tioctly  to  the  Signal  Service. 

The  language  of  the  conjunctive  clause  is  very  plain,  simple,  and  direct.  It  says, 
**  And  two  sergeants  may  in  each  year  be  appoint^  to  be  second  lieutenants."  Now, 
what  is  herein  meant  by  these  * '  two  sergeants  ? ' '  Plainly  sei^geants  of  the  Signal  Corps, 
for  all  the  preceding  language  of  the  section  refers  only  to  the  Signal  Corps.  Th^  can- 
not be  sergeants  of  the  line,  of  infantry,  cavalry,  or  artillery.  Proceeding  by  the  same 
rules  of  examination  of  this  clause,  what  is  meant  by  '*  second  lieutenants ''  who  are  to 
be  appointed?  Here  there  is  a  total  absence  of  any  qualifying  term  or  phrase.  There 
is  not  even  an  implication  of  an  intent  to  refer  to  the  line  of  the  Army.  If  the  ser- 
geants referred  to  in  the  same  clause  are  sergeants  of  the  Signal  Corps,  they  are  l^  an 
equally  fair  construction  of  language  to  '*  be  appointed  to  be  second  lieutenants ''  of  the 
Signal  Corps.  It  would  be  manifestly  a  forced  construction  of  language  which  would 
qualify  one  and  leave  unqualified  the  other  of  these  terms. 

If  it  is  said  that  there  veas  no  such  grade  known  as  second  lieutenant  in  the  Signal 
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Corps  to  which  these  sergeants  could  be  appointedi  the  answer  is  that  this  law  created 
this  grade.  If  it  be  said  that  there  is  no  limitation  of  the  number  of  second  lieutenants 
who  may  be  so  appointed,  it  is  answered  that  this  law  places  a  limitation  upon  the  num- 
ber by  declaring  that  '^  two  '^  may  be  appointed  each  year. 

This  construction  appears  to  be  the  one  to  which  the  President  arrived  when  he  made 
the  nomination  of  the  officers  who  are  now  in  commission,  and  that  of  the  Senate  when 
they  confirmed  these  nominations,  and  it  is  that  held  by  this  office.  It  is  significant, 
too,  in  the  fiict  that  this  law  was  passed  on  June  20,  1678,  it  has  not  been  amended  or 
revised  to  suit  the  second  construction,  and  that  two  sets  of  promotions  have  been  made 
and  confirmed,  while  a  third  now  awaits  the  action  of  the  President  and  Senate. 


Headquabtebs  Militaby  Division  of  the  Pacific, 

San  Franci9C0f  Cod.,  September  25^  1868. 

Sib:  You  are  aware  that  the  A^jtitant-General's  Department  has  up  to  this  time  been 
denied  the  privilege  granted  to  the  Quartermaster's  Department,  Subsistence  Deiwrt- 
ment.  Pay  Department,  and  others,  of  employing  citizen  clerks  for  service  at  headquar- 
ters of  military  divisions  and  departments.  Not  on}y  inconvenience  but  actual  detri- 
ment to  the  service  results  from  the  want  of  this  cleriad  force.  As  a  substitute  for  it, 
I  earnestly  invite  your  attention  to  what  seems,  to  me  legal|  proper,  and  practicable. 

Section  8  of  the  act  approved  July  28,  1866,  now  in  force,  is  as  follows:  ***  *  ♦ 
and  recruits  may  at  all  times  be  collected  at  the  general  rendezvous  in  addition  to  the 
number  required  to  fill  to  the  minimum  all  the  regiments  of  the  Army:  Prcvidedy  That 
such  recruits  shall  not  exceed  in  the  a^^^ate  3,000  men.''  Under  this  act  grant  au- 
thority for  clerks  and  messengers  detailed  at  headquarters  of  militaiy  divisions  and  de- 
partments, to  be  transferred  iix)m  their  companies  to  the  **  general  service,"  and  for  the 
chief  clerks  to  be  rated  as  first  seigeants  of  infantry,  the  other  clerks  as  sergeants  of  in- 
fantiy,  and  the  messengers  as  corporals  of  infantiy,  limiting  the  number  to  be  so  rated, 
if  you  deem  that  necessary.  This  would  greatly  promote  tiie  efficiency  of  the  various 
offices.  Under  present  circumstances  it  is  difficult  to  obtain  and  exceedingly  difficult  to 
retain  suitable  enlisted  men  in  these  duties  in  this  division.  The  expenses  here  are  very 
great,  and  suitable  enlisted  men  are  generally  non-commissioned  officers  in  their  com- 
panies, and  if  taken  away  the  captains  naturally  desire  to  reduce  them  to  the  ranks  and 
fill  their  places,  and  when  so  r^uced  they  cannot  affi>rd  to  remain  here,  and  we  lose 
them  either  by  having  to  return  them  to  their  companies  or  by  their  refusal  to  re-enlist. 

If  you  approve  of  and  can  afiect  this  arrangement,  as  I  eamestiy  hope  you  may,  I 
would  request,  for  special  reasons  afiecting  my  own  office,  that  it  be  done  at  the  earliest 
date  practicable. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

JAMES  B.  FEY, 
Assistant  Acfjutant^General, 

To  the  Adjutant-Genebal, 

Washington^  D.  C. 


Brevet  M%]or-6eneral  Geoboe  Cbook, 

Qfmmanding  Department  of  the  Columbia,  Portland,  Greg.: 

Under  this  order  it  is  intended  that  the  several  commanders  shall  use  their  own  dis- 
cretion, without  reference  to  this  office,  in  obtaining,  discharging,  or  transferring  clerks 
to  and  from  the  general  service  detachment. .  They  are  authorized  by  their  own  order 
to  transfer  suitable  clerks  from  companies  within  their  command  to  the  detachment  or 
to  enlist  men  for  it. 

It  is  recommended  that  no  absolute  conditions  shall  be  made  with  the  men,  except 
such  as  are  contingent  upon  their  good  conduct,  so  that  if  a  man  whose  conduct  has  been 
good  is  no  longer  required  at  any  time  he  may  have  the  option  of  being  discharged  or 
transfentd  to  a  company  to  serve  out  his  enlistment.  But  for  misconduct  he  may  be 
transferred  to  a  company  without  the  right  to  demand  his  discharge.  All  changes  made 
under  this  order  should  appear  on  the  muster-rolls  for  the  period  during  which  they 
occur. 

Please  correct  copy  of  the  order  heretofore  sent,  so  that  the  number  of  corporals  in  the 
fourth  Une,  second  paragraph,  shall  be  two  instead  of  one. 

E.  D.  TOWNSEND, 

Assistant  A^j^Uant-Oeneral. 
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[Inolosnre  A.— Eztnct  from  annoal  report  of  the  Chief  Signal  pffloer  for  1873.1 

Becmiting  for  assignment  to  the  Signal  Service  has  been  conducted  under  ihe  direc- 
tion of  the  War  Department,  that  the  recruiting  officers  of  the  general  recruiting  service 
at  designated  stations  should  enlist  and  order  to  this  office  such  men,  they  passing  the 
requirS  physical  examination,  as  may  be  presented  to  them  by  the  recruiting  observer, 
sergeants  of  the  Signal  Service.  While  the  popularity  of  the  service  has  been  remarka- 
ble, its  requirements  are  not  always  understood  by  those  who  apply  to  be  enlisted.  So 
much  trouble  has  been  occasioned  to  the  Secretary  of  War  by  recruits  complaining  of 
the  military  duties  considered  by  this  office  essential  that  a  series  of  circulars  and 
instructions,  shown  in  jMipeis  5  and  6  and  paragraph  144  of  paper  7,  hereto  annexed, 
have  b^n  prepared  and  so  brought  to  the  notice  of  every  applicant  for  enlistment,  Uie 
recruiting  sergeant,  and  the  recruiting  officer,  that  misapprehension  seems  to  be  impos- 
sible. 


Dbpabtment  of  JusncB, 

WashingUm,  July  1,  1881.     i 

SiB:  Herewith  I  submit  a  reply  to  yours  of  the  23d  of  May,  addressed  to  the  Attomey- 
Genend,  ijr  regard  to  the  status  of  certain  offioeis  and  privates  of  the  Signal  Ck>xps. 

After  referring  to  a  recent  communication  addressed  to  you  by  the  Chief  Signal  Officer 
leoommending  that  Sergeants  Wright  and  Greene,  of  the  Signal  Corps,  be  appointed 
second  lieutenants,  Signal  Corps,  United  States  Army,  you  ask  for  an  opinion  whether — 

1.  Officers  engaged  in  the  performance  of  duties  under  section  221  to  223  of  the 
Revised  Statutes  other  than  the  Chief  Signal  Officer  and  officers  detailed  fix>m  the  Army, 
as  orgEUiized  by  chapter  1,  Title  XIV  of  the  Revised  Statutes,  are  a  part  of  the  Army  of 
the  Xmted  States. 

2.  The  enlisted  men  engaged  in  the  performance  of  the  duties  under  section  221  to 
2^  of  the  Revised  Statutes  not  detailed  for  such  duties  tsom  any  branch  of  the  Army 
named  in  section  1094  of  the  Revised  Statutes,  but  having  indorsed  on  their  enlistment 
papers  the  words  '*  enlisted  for  the  Signal  Corps,  United  States  Army, ''  are  a  part  of  the 
Army  of  the  United  States. 

The  conclusion  which  I  have  reached  is  that  such  officers  and  enlisted  men  form  a  part 
of  the  Army  of  the  United  States  in  the  sense  that  they  are  liable  to  all  Army  duties 
and  entitled  to  all  Army  privileges  that  can  be  performed  or  be  enjoyed  without  severing 
them  £rom  the  Signal  Service.  In  other  words,  as  regards  all  such  persons  there  is  no 
such  circulation  so  to  say  betwixt  this  member  of  the  Army  and  other  members  thereof 
as  exists  betwixt  those  other  members  inier  se.  This  state  of  separation  between  per- 
sons who  belong  to  the  same  army  may  be  anomalous,  but  results  nevertheless  from  the 
legislation  upon  the  subject,  legislation  which,  concerning  as  it  does  a  novel  department 
of  public  administration,  may  well  be  expected  to  present  novel  features  of  detail.  At 
all  events  nothing  occurs  or  has  been  suggested  to  indicate  that  such  details  are  unsuit- 
able to  the  general  purposes  of  Congress  as  regards  the  Signal  Service,  or  are  beyond  its 
legislative  oompetency. 

The  question  is  one  of  statutory  interpretation  only,  and  seems  not  difficult.  It  will 
require  a  consideration  only  of  certain  brief  statutes  recently  enacted,  beginning  with 
the  act  of  1866,  as  found  in  sections  1195  and  1196  of  the  Revised  Statutes.  These  sec- 
tions create  a  signal  force,  to  consist  of  one  Chief  Signal  Officer,  having  the  rank  of  colo- 
nel of  cavalry  (now  brigadier-general,  act  of  1880,  chapter  235),  and  of  six  officers  from 
the  Corps  of  Engineers,  and  not  exceeding  100  non-commissioned  officers  and  privates  from 
the  battalion  of  engineers. 

By  a  resolution  adopted  February  9,  1870  (17  Stats.,  369),  the  Secretary  of  War  was 
authorized  aiid  required  to  provide  for  taking  certain  meteorological  observations,  xindfor 
giving  notice  of  the  approach  and  force  of  storms.  This  (or  it  may  be  some  other  action 
of  Congress  which  has  not  been  brought  to  my  attention)  was  in  practice  construed  as 
giving  the  Secretary  authority  to  enlarge  the  signal  force  as  above  expressly  defined;  and 
other  departures  perhans  were  made  under  orders,  so  that  at  the  time  of  the  passage  of 
the  act  of  1874  (below)  the  force  other  than  commissioned  officers  consisted  as  I  gather 
(although  that  point  is  not  material  here)  of  about  300  men — 150  of  them  being  sergeants, 
who  had  been  recruited  for  that  especial  purpose,  under  promise  by  the  Secretary  that 
they  should  not  be  transferred  to  any  other  part  of  the  Army  (see  papers  inclosed  with 
your  communication). 

Inthisstato  of  things  theact  of  1874,  chapter  285  (18  Stat,  72),  after  providingthat  no 
money  therein  appropriated  should  be  paid  for  recruiting  the  Army  beyond  25,000  en- 
listed men,  added  as  follows:  *  ^  Nothing,  however,  in  this  act  shall  be  construed  to  dimin- 
ish the  Signal  Service,  which  shall  be  maintained  as  now  organized  under  the  authority 
of  the  Secretary  of  War." 
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It  seems  probable  that  as  regards  enlisted  men  (the  only  object  of  the  above  restrictive 
legislation,  including  the  exception  thereto^  this  act  snbstitated  the  method  adopted  by 
the  Secretary  for  recruiting  the  Signal  Service  as  above,  in  place  of  that  specified  in  the 
act  of  1866,  i.  e.,  that  it  provided  that  thereafter  there  were  to  be  no  enlisted  men  de- 
tailed from  the  Army  into  that  service,  but  that  special  enlistment  therefor  was  to  take 
the  place  of  detail. 

The  policy  of  the  act  of  1874  in  confining  the  number  of  enlisted  men  in  the  Army 
proper  to  25,000,  coupled  with  the  exception  as  above  in  favor  of  the  Signal  Service,  has 
been  kept  up  in  all  later  Army  appropriation  acts.  (See  18  Stats.,  452;  19  do.,  9720;  do. 
146,  and  the  acts  of  1880,  chapter  81,  and  of  February  24,  1881.) 

Of  these  exceptions  it  will  be  necessary  to  quote  only  that  contained  in  the  act  of  1880, 
chapter  81,  as  modified  by  the  act  of  1880,  chapter  235,  and  the  act  of  1878,  chapter  359, 
20  Stat.,  219.  After  inserting  such  modifications  into  its  text,  the  exception  in  the  stat- 
ute first  cited  is  as  follows:  **  Nothing  in  this  act  shall  be  construed  to  prevent  enlist- 
ments for  the  Signal  Service,  which  shall  hereoiteT  be  maintained  as  now  organized  and 
provided  by  law,  with  a  force  of  enlisted  men  not  exceeding  500,  viz :  150  sergeants,  30 
corporals,  and  320  privates;  and  two  sergeants  may  in  eBuch  year  be  appointed  to  be  second 
lieutenants. 

The  act  of  February  24,  1861,  is  to  precisely  the  same  effect 

1.  Upon  a  perusal  of  the  above  legislation  it  appears  that  under  the  act  of  1866  the 
enlisted  men  of  the  Signal  Service  were  merely  soloiers  of  the  United  States  Army,  under 
a  special  detail  that  was  liable  to  be  revokeid  at  any  moment.  Subject  to  whatever 
modification  the  promise  by  the  Secretary  that  they  should  not  be  transferred  to  ordinary 
military  duty  could  effect  this  status  oontinned  until  after  the  act  of  1874.  Since  then 
it  has  been  plain  that  by  law  they  cannot  be  transferred.  But  that  in  other  re^MCta 
they  continue  to  belong  to  the  United  States  Army  seems  equally  plain:  EsceepUo  probat 
regulam.  For,  to  omit  many  details  that  concur  to  the  same  end,  they  continue  to  be 
eiiliBted.  EiiUstment  is  rendered  necessary  by  all  the  statutes.  The  phrase  is,  no  doubt, 
'*  enUsted  for  the  Signal  Service. "  But  this  phrase  is  elliptical,  and  suggests  the  ques- 
tion: Enlisted  into  what  ?  Although  the  statutes  express  the  purpose  of  the  enlistment, 
they  leave  to  be  Implied  a  porlion  of  the  effect  of  that  ceremony.  (Revised  Statutes, 
sections  1111,  1112,  1118,  1119;  see  also  1606,  1610,  &c.)  Therefore  the  effect  or- 
dinarily produced  by  enlistment  is  to  be  implied,  the  more  so  when  the  history  of  the 
legislation  upon  this  subject  is  considered;  so  that  the  answer  to  the  above  question  will 
be,  enlisted  into  the  United  States  Army. 

The  practice  in  enlisting  men  has  been  to  the  some  effect.  The  same  general  form  is 
used  by  the  €k>vemment  for  ordering  enlistments  into  the  Army  and  for  those  into  the 
Signal  Service;  the  person  enlisted  being  required  in  both  cases  to  acknowledge  in  tenns 
that  thereby  he  becomes  *'a  soldier  in  the  Army  of  the  United  States  of  America." 

Upon  the  whole  it  seems  that  this  point  needs  no  fVirther  elaboration. 
.    2.  But  that  these  enlisted  men  becaune  members  of  only  a  special  service  In  the  Axmj 
seems  equally  certain. 

The  adoption  by  Congress  in  1674  of  the  Secretary's  engagement  not  to  traosfipr  to 
ordinary  military  duty  persons  enlisting  for  Signal  Service  did  not  create  a  mere  per- 
sonal privilege  which  might,  BBjfupro  se  itUrodtutitmj  be  waived  by  such  persons  witii 
the  consent  of  the  Seeretury .  Toe  statute  gave  the  consent  of  the  United  States  to  the 
condition  required  by  the  enlisted  man,  viz :  that  he  should  not  be  transferred  to  oondi- 
nary  military  dnty,  luid  thereupon  a  speisial  status  was  created  which  could  not  be  gotten 
rid  of  by  either  party  to  the  enlistment  without  the  consent  of  the  other;  the  eSeore- 
tary,  in  the  mean  time,  not  being  empowered  either  impliedly  or  otiierwifle  to  rqwesent 
the  United  Stotes  in  giving  that  consent. 

I  apprehend  that  in  the  present  state  of  legislation  the  only  way  in  which  a  person  en* 
listed  for  the  Signal  Service  can  enter  the  ordinary  militery  service  is  by  being  dls- 
charged  fh>m  the  former  and  thereupon  re-erdisted  in  tho  latter  as  usual.  That  the  ordi- 
nary military  force  cannot,  without  Airther  legislation,  be  recruited  by  transferring  nt  de- 
tailing thereinto  the  signal  force  is  a  proposition  which,  as  it  appears  to  be  a  proper  dedius 
tion  fVom  the  acts  themselves,  so  also  is  strongly  fortified  by  recalling  the  history  of  the 
half  dozen  statutes  since  1874  which  contein  tibe  provisions  under  consideration.  It  will 
be  recollected  by  all  that  the  number  of  the  ordinary  force  of  enlisted  men  in  the  Aimr, 
25,000,  was  the  result  of  prolonged  and  heated  discussions  in  Congress  turning  upon  o!b- 
jections  made  by  one  party  to  any  larger  number  subject  to  the  ordinary  duties  of  sol- 
diers. The  contest  upon  this  point  did  not  involve  men  enlisted  in  the  Signal  Servioe. 
No  party  seemed  to  suppose  that  the  force  of  soldiers,  in  the  general  sense  of  the  word, 
was  larger  in  ease  or  in  jMme  because  of  the  Signal  Corps.  Indeed,  the  particular  Jeal- 
ousy of  Congress  in  regard  to  the  Army  proper  was  so  far  fW>m  manifesting  itself  in  re- 
gard to  the  Sipial  Sendee  that  while  the  numbers  of  the  former  were  diminished  or, 
by  compromise,  rigidly  held  at  a  certein  figure,  those  of  the  latter  since  1874  have  been 
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once  and  again  increased,  nem.  eon.  as  it  were.  I  gather  from  this  -that  Congress  was 
of  opinion  that  the  numher  in  the  Army  proper  coold  not  hy  mere  execntive  action 
and  without  their  consent  be  increased  beyond  the  25,000  by  transferring  thereto  the 
500  or  other  number  of  the  Signal  Service.  In  other  words,  that  it  was  the  intention  of 
Congress  to  create  for  that  service  a  distinct  order  of  soldiers,  t.  6.,  of  persons  whom  it 
is  b^t  for  the  pablic  service  to  be  subject  to  the  military  rules  and  government,  but  who 
nevertheless  are  organically  sex^arate  from  the  general  ma&s  of  enlisted  soldiers. 

It  follows  that  the  second  lieutenants  spoken  of  in  the  act  of  1880  above  do  not  belong 
to  the  Army  proper.  The  enactment  upon  this  point  is  in  general  terms,  but  Congress 
must  be  taken  to  have  had  in  view  the  creation  of  a  higher  rank  of  the  same  sort  as  that 
from  which  the  person  appointed  was  to  come.  If  I  have  rightly  construed  this  l^sla- 
tion  in  other  respects,  it  is  an  alteration  not  so  much  of  rank  as  of  military  quality  that 
is  required  to  change  a  Signal  Service  sezgeant  into  a  second  lieutenant  in  the  Army 
proper.  The  general  scope  of  the  enactment  in  which  this  clause  is  found  concerns  the 
Signal  Corps,  and  in  the  absence  of  express  qualifications  to  the  contrary  that  scope 
must  define  the  extent  of  any  otherwise  indefinite  term  therein  found  noacitur  a  aoeiis. 

Besides  this  Observation  it  is  noticeable  that  at  the  same  time  that  this  act  was  pend- 
ing before  Congress  that  body  was  maturing  another  (1880,  chapter  263,  sections  3  and 
4,  20  stat.,  150),  applying  in  terms  to  non-commissioned  officers  and  second  lieutenants 
of  the  Army  proper,  and  very  much  more  restricted  in  operation.  It  is  hardly  suppos- 
able  that  the  le^slation  intended  in  both  cases  to  meet  and  remedy  the  same  eriL  This 
circumstance  renders  more  certain  (She  above  conclusion,  that  the  evil  sought  to  be  rem- 
edied in  the  eighty-first  chapter  of  the  act  of  1880  by  the  creation  of  second  lieutenants 
was  one  affecting  the  Signal  Serviee  alone,  and  therefore  that  the  remedy  therein  de- 
vised is  to  be  restrained  in  its  effect  to  that. 

Upon  the  whole  I  have  to  repeat,  as  an  answer  to  the  questions  stated  1^  yoo,  the 
quaUfled  language  first  above  employed. 

Very  lespectftilly,  your  obedient  servant,  .   / 

S.  F.  PHILLIPS, 

SoUekor'OtnieraL 

Approved. 

WAYNE  MaoVEAGH, 

Attomejf-CfeneroL 
The  Sbcbxtabt  of  Wab. 


[Piftper  A.— Special  orders  and  oorrespondenoe.] 

Judoe-Adyocatb  Genebal'8  Officb, 

October  9, 1863. 

Bespectfhlly  returned.  The  presfint  Signal  Corps  of  the  Amiy  was  organised  under 
the  provisions  of  sections  17, 18, 19,  and  20  of  chapter  79,  act  of  March  3,  1863.  Theact 
specifies  the  number  and  grades  of  the  officers  of  the  Corps,  and  that  ^ey  shall  be  ap- 
pointed by  the  President,  by  and  with  the  advice  and  consent  of  the  Senate.  Provirian 
is  also  made  for  enlisting  sergeants  and  privates  into  the  Cor^  as  such,  with  the  pay  of 
engineer  soldiers  of  the  RegoJar  Army.  All  officers  and  enlisted  men  are  reqnired,  be- 
fore entering  upon  their  duties  in  the  Corps,  to  be  examined  and  approved  by  a  militaiy 
board  convened  by  the  Secretary  of  War.  Officers  and  men  are  required  also  to  serve  in 
any  port  of  the  Army  to  which  they  may  be  ordered.  It  is  assumed^  also,  that  offioexs 
of  the  present  Regular  Army  may  be  appointed  to  this  Corps,  ^nd  it  is  provided  that  if, 
after  the  rebellion,  they  are  returned  to  their  regiments,  they  shall  lose  no  rank  or  pro- 
motion on  aooonnt  of  having  served  in  the  Signal  Corps  meanwhile.  And  lastly,  the 
Corps,  as  thus  oiganized,  is  distinguished  from  the  former  temporary  organization  of  the 
same  character  called  'the  Acting  Signal  Corps  of  the  Army,''  which  was  composed  to 
a  considerable  extent  of  volunteer  officers  detailed  for  duty  therein;  and  it  is  provided 
that,  in  selecting  officers  and  men  for  the  present, Corps,  preference  shall  be  given  to 
those  who  have  served  faithihlly  in  the  '^ acting''  Corps.  From  these  peculiiudties  ol 
organization,  it  is  concluded  that  the  Signal  Corps  is  a  part  of  the  Regular  Army  of  the 
United  States.  Though  created  by  the  necesKities  of  the  war,  it  is  a  permanent  branch 
of  the  service,  liable,  however,  with  the  Army  to  which  it  is  attached,  to  be  reduced  or 
remodtied  at  the  dose  of  the  rebellion. 

J.  HOLT, 
Judge-Advocate  OenenU, 
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[Incloflure  B.] 

Adjutant-General's  Office, 
WashingUmy  D,  C.y  July  28,  1864. 

Sm:  I  have  the  honor  to  acknowledge  the  receipt  of  a  commnnication  of  the  7th  nit. 
from  Capt.  F.  W.  Marston,  Signal  Corps,  Department  of  the  Gnlf,  requesting  to  be 
informed  whether  the  enlisted  men  of  the  Signal  Corps  are  to  be  discharged  on  final 
statements,  or  be  mustered  ont  on  muster-rolls  referred  by  you  to  the  Secretary  of  War. 
In  reply,  I  am  directed  to  inform  you  that  as  these  men  are  considered  as  belonging  ta 
the  Regular  Army,  they  will  be  discharged  on  final  statements  by  their  officers,  as  re- 
quired by  Army  Regulations,  extract  indosed. 

I  am,  sir,  very  respectfhlly,  your  obedient  servant, 

SAM»L.  BRECKj 
Assistant  AdjtUani  OeneraL 

Miy.  W.  J.  L.  NiOODEMXTB, 

In  charge  of  Signal  Carps,  U.  8,  A> 

Note. — ^The  indosure  to  this  communication  was  entitled  **  Instructions  concerning  the 
discharge  of  enlisted  men,''  dated  War  Department,  Adyutant  General's  Office,  Washing- 
ton,  June  17, 1864. 

[Indosure  O.] 

Adjutant-Genebal'8  Office, 
Washington,  D,  C,  Jvly  30,  1864. 

SiB:  I  have  the  honor  to  acknowledge  the  receipt  of  a  communication  of  the  20th 
instant  ftom  First  Lieut.  Cyrus  W.  Roberts,  Chief  Acting  Signal  Officer,  Depart- 
ment of  Kansas.  Fort  Leavenworth,  Kansas,  referred  by  you  to  tma  office,  requesting  to 
be  informed  if  Sergeant  Homer  G.  Woodin  can  be  dischaiged  at  that  point  at  the  expira^ 
tion  of  his  term  of  service. 

In  reply,  I  have  the  honor  to  inform  you  thatenlisted  men  of  the  Signal  Coips,  United 
States  Anny,  being  recognized  as  a  part  of  the  Regular  Army,  are  to  1m  dischaiged  in  the 
usual  manner,  with  finiu  statements. 

I  am,  sir,  very  respectftilly,  your  obedient  servant, 

.      SAM'L  BRECK, 
Assistant  A4fula$U  OeneraL 

Mm*.  W.  J.  L.  KiCODEMUS, 

Signal  Corps,  United  States  Army,  Washington,  D,  C, 


flnolosure  D.  1 
ClBCULAB  No.  40. 

Wab  Depabtment,  Adjutant  Genebal's  Office, 

Washington,  August  11,  1865. 

Under  the  provisions  of  Special  Orders  No.  417  (paragraph  5),  current  series,  firom 
this  office,  relative  to  mnster&out  of  the  Signal  Corps,  the  following  will  gov^n: 

I.  Commissioned  officers  will  be  mustered  out  in  special  orders  from  department  head- 
quarters, the  order  to  be  framed  as  follows,  viz: 

[Special  Orders  No.  — .] 

Headquabtebs  Department  of 


.,  ~,  186-. 


Under  the  provisions  of  General  Orders,  No.  79,  May  1,  1865,  and  Special  Orders, 
No.  417  (paragraph  5),  August  3,  1865,  from  the  War  Department,  Adjutant  GeneraVs 
Office,  the  following  officers  are,  by  direction  of  the  President,  hereby  mustered  out 
and  honorably  discharged  the  service  of  the  United  States,  on  account  of  their  services 
being  no  longer  required. 

They  will  receive  no  final  payments  until  they  shall  have  satisfied  the  Pay  Depart- 
ment that  they  are  not  indebted  to  the  Government. 

n.  Enlisted  men  will  be  dischaiged  by  their  commanding  officers  on  the  order  of  the 
Department  Commander,  and  paid  on  final  statements. 

E.  D.  TOWNSEND, 
Assistant  Adjutant  GeneraL 
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[Indoflure  E— GnrKBAi.  OBi>KBa  No.  100.] 

Wab  Depabtmsnt,  Adjutant  Oekebal's  Office, 

WaahinffUm^  AprU  j26,  1863. 

1.  A  board  of  five  officers  (the  signal  <Mcer  and  a  medicsJ  officer  of  the  Army  being 
members)  will  be  assembled  in  this  city  for  the  examination  of  officers  noV  on  signal 
duty  in  the  Army  of  the  Potomac,  the  Middle  Department,  and  the  Departments  of 
Washington  and  Virginia;  and  thereafter,  such  persons  as  may  be  authorized  by  the 
Secretary  of  War  to  report  to  the  Board  for  examination  as  candidates  for  commi^ona 
in  this  Corps.  The  same  Board  will  examine  enlisted  men  of  the  signal  parties  on  duty 
in  the  Department  of  Washington,  and  such  other  candidates  for  enlistment  in,  or  trans- 
fer to,  the  Corps,  as  may  be  brought  before  it. 

2.  As  soon  as  practicable,  the  colonel  and  the  two  majors  authorized  by  the  act  of 
March  3,  1863,  shall  be  appointed. 

•  3.  Immediately  after  the  appointment  of  the  nu^ors  of  the  Signal  Corps,  auxiliaiy 
examining  boards,  in  each  of  which  one  of  the  m%jors  and  a  medic^  officer  or  the  Army 
shall  be  members,  will  be  appointed,  for  the  examination  of  the  officers  now  on  signal 
duty  in  the  Army  corps  and  departments  of  the  South  and  West;  and  thereafter,  such 
other  persons  as  may  be  authorized  by  the  Secretaiy  of  War  to  report  for  examination 
as  candidates  for  commission. 

4.  The  commander  of  each  Army  oox^  or  department  in  which  the  employment  of 
signal  parties  is  now,  or  may  be,  authorized,  will  Immediately  appoint  a  board  of  their 
officers,  two  of  whom  shall  be  officers  now  on  signal  duty  and  the  third  a  medical  offi- 
cer, for  the  examination  of  enlisted  men  now  on  si^^nal  duty,  who  are  candidates  for  tran»» 
fer  to,  or  enlistment  in,  the  Signal  Corps;  and,  if  necessaiy  to  complete  the  organiza- 
tion of  the  signal  parties  in  their  command,  such  other  persons  as  Ihey  may  authorize 
to  report  for  examination  as  candidates  for  enlistment.  If  the  army  corps  forms  a  part 
of  an  army,  then  orders  will  be  subject  to  the  approval  of  the  commanding  genersJ  of 
that  army. 

5.  The  Board  instituted  by  the  first  section  will  hold  its  sessions  in  the  city  of  Wash- 
ington, will  a4Joam  ftom  time  to  time  according  to  the  business  before  it,  and  be  reas- 
sembled by  order  of  its  president  It  will  call  before  it  the  officers  to  be  examined  hy 
requisitions  upon  the  commanding  generals  of  the  armies  or  departments  in  which  they 
are  serving;  but,  in  order  that  no  inconvenience  to  the  service  shall  result,  these  requi- 
sitions sh^  be  subject  to  the  discretion  of  the  commanding  general  as  to  the  time  and 
order  in  whidi  the  officers  called  for  shall  report,  care  being  taken  that  the  officers  to  be 
withdrawn  shall  be  replaced  in  advance,  as  &r  as  practicable,  by  others  who  have'paased 
satis&ctory  examinations. 

6.  The  boards  instituted  by  section  3  will  report  in  succession  at  the  headquarters  of 
the  army,  army  corps,  or  departments  in  the  districts  to  which  they  may  be  assigned, 
and  will  be  subject  to  the  discretion  of  the  commanding  generals  as  to  the  time  and 
place  of  meeting,  and  the  order  in  which  candidates  are  to  be  examined. 

7.  Examining  boards  will, be  governed  by  the  following  rules: 

First,  Candi£ites  for  commissions  shall  be  examined  upon  reading,  writing,  compo- 
sition, and  arithmetic;  elementary  chemistry,  and  the  elementary  branches  of  natural 
philosophy,  surveying,  and  topography;  the  use  and  management  of  field  signals  and 
field  telegraphs,  and  those  who  have  served  in  the  acting  corps  upon  the  mode  of  con- 
ducting signal  parties  in  the  field,  and  in  the  presence  of  the  enemy,  and  upon  render- 
ing the  proper  papers  and  reports. 

Second.  Candidates  for  warrants  shall  be  examined  upon  reading,  writing,  geography, 
and  arithmetic. 

Third,  No  person  shall  be  recommended  for  appointment  or  enlistment  in  the  Signal 
Corps  who  is  not  of  good  moral  character,  and  physically  competent  for  the  duties. 

Fourth.  The  several  examining  boards  will  adopt  such  forms  of  proceeding  in  ques- 
tions upon  the  different  branches  of  education  enumerated  above,  or  employ  such  other 
metho<&  of  ascertaining  the  merits  of  the  diiSerent  candidates  as  may  seem  expedient, 
having  due  reference  to  their  mental  and  physical  qualifications. 

8.  The  principal  and  auxiliary  examining  boards  will  make  to  the  Secretary  of  War, 
through  the  Signal  Officer,  weekly  reports  of  the  examinations  made  by  them,  designat- 
ing by  name,  regiment,  age,  nativity,  &c.,  of  the  persons  examined,  the  grade  for  whiob 
they  are  recommended,  and  their  recent  standing,  as  determined  by  the  examination  and 
by  their  record  of  service.  •  In  the  case  of  the  auxiliary  l^rds  directed  by  sections  3> 
and  4,  these  reports  will  be  transmitted  through  the  commanding  generals  of  the  army 
or  department  in  which  the  examinations  were  made. 

9.  As  soon  as  the  examinations  of  the  auxiliary  boards  have  been  completed,  a  revis- 
ing board,  constituted  as  directed  in  the  first  section,  with  the  addition  of  the  m^jora 
who  were  members  of  the  boards  directed  by  the  third  section,  will  assemble  in  this  city 
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for  the  purpose  of  reTiewing  the  action  of  the  several  examining  boards :  determining  the 
relative  standing  of  the  officera  of  each  grade;  the  rules  to  be  observed  in  the  appoint- 
ments to  the  grade  of  first  and  second  lieutenants;  the  dassification  of  enlisted  men;  and 
making  such  other  recommendations  as  may  have  been  suggested  by  observation  and  ex- 
perience as  essential  to  a  perfect  organization  of  the  ooxps. 

10.  Until  the  reports  of  the  revising  board  have  been  approved  by  the  Secretary  of 
War,  the  appointments  in  the  Signal  Q>rp8  will  be  limited  to  the  colonel  and  the  two 
majors,  one  captain,  two  first  lieutenants,  and  four  second  lieutenants  for  each  army 
<»rp8  or  department  in  which  signal  parties  have  been  or  may  be  authorized;  and  the 
enlistments  or  transfers,  to  one  sergeant,  two  privates  of  the  first  class,  and  four  privates 
of  the  second  class.  The  appointments  thus  made  to  be  temporary;  and  the  permanent 
standing  of  the  officers  to  hb  determined  by  the  action  of  the  President,  upon  the  recom- 
mendations of  the  reviewing  board. 

11.  In  order  to  facilitate  as  much  as  posuble  the  organization  of  the  corps,  the  com- 
manders of  army  corps  and  departments  are  authorized  to  transfer  enlisted  men,  now* 
employed  on  signal  duty  who  have  passed  satisfactory  examinations,  to  the  Signal  Corps, 
copies  of  the  muster  and  descriptive  rolls  of  th6  men  so  transferred  being  sent  to  tiie 
hoitdquarterB  of  the  corps  in  this  city;  and  the  chief  signal  officers  in  each  army  corps  or 
department  are  authorized  to  complete  the  signal  parties  under  their  charge  by  the  en- 
listment of  a  sufficient  number  of  approved  candidates:  Provided,  That  all  officers  and 
men  now  on  signal  duty  who  may  tail  to  pass  satis&ctory  examinations  shall  be  re- 
turned to  their  regiments;  and  any  officers  and  men  retained  in  the  service  under  the 
provisions  of  War  Department  General  Orders  No.  92,  who,  in  like  manner,  foil  to  pass 
satis&ctoiy  examinations,  shall  at  once  be  discharged  from  the  service  of  the  United 
States  by  the  commander  of  the  army  or  department  in  which  they  are  serving. 

12.  The  chief  signal  officer  in  an  army  corps  or  department  is  authorized  to  appoint, 
apon  the  recommendation  of  the  examining  board,  and  subject  to  the  approval  of  the 
colonel  of  the  corps,  the  sergeants  authorized  for  the  parties  under  his  charge,  and,  npon 
a  like  recommendation  and  approval,  to  designate  the  privates  of  the  first  and  second 


13.  Recruiting  for  the  Signal  Corps  wiU  be  conducted  under  the  rules  prescribed  fbr 
the  regimental  recruiting  service,  i^listments  will  be  made  for  the  period  of  three  yean, 
or  during  the  war;  but  enlistiMi  men  now  on  duty  in  the  Signal  Corps  may  re-enlist  for 
the  periMl  of  one  or  two  years,  and  will  be  entitled  to  the  benefits  provided  by  the  18th 
section  of  the  act  of  Congress  am>ioved  March  3,  1863. 
By  ordsr  of  the  Secretary  of  War. 

E.  D.  TOWNSEND, 

A^pUanU  OmeraL 


[Inolonm  F.] 
Badnot  ttom.  Offidiil  Army  Bogiater  for  January,  1880. 

BIGirAL  CX>BP8. 

Chief  Siokal  Offices. 

CoUmel. 
Myer,  Albert  J.,  July  28,  '66  (bom  in  N.  Y. ;  appt'd  fiom  N.  Y.). 

Col.,  Chf.  Sig.  Off.,  Mar.  3,  '63,  aoc.  Apl.  29,  '63;  vac  com.  of  mij.,  Ch£  Sig.  Off..  Apr. 
^,  '63:  appt.  of  coL,  Chief  Sig.  Off.,  exp.  fty  eon.  Urn,,  July  4,  '64,  and  revoked  JulySl, 
'64,  paid  to  July  31,  '64;  brig.  gen.  bvt  Mar.  13,  '65. 

»  «  «  »  «  «  • 

CoL  Chf.  Sig.  Off:,  July  28,  '66,  ooc  Nov.  3,  '66. 


[Inolosnre  Q.] 
AN  ACT  to  IncreaM  and  fix  the  military  peace  eeiabUBbment  of  the  United  States. 

Sec.  22.  And  be  UJuriher  enaetedf  That  there  shall  be  one  Chief  Signal  Officer  of  the 
Army,  who  shall  have  the  rank,  pay,  and  emoluments  of  a  colonel  of  cavalry;  and  the 
Secretory  of  War  shall  have  power  to  detail  six  officers,  and  not  to  exceed  one  hundred 
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non-commissioned  officers  and  privates  from  the  battalion  of  engineers  for  the  perform- 
ance of  signal  dntj;  bnt  no  officer  or  enlisted  man  shall  be  so  detaUed  nntil  he  shall 
have  been  examined  and  approved  by  a  military  board,  to  be  convened  by  the  Secre- 
tary of  War  for  that  parx>06e;  and  enlisted  men,  while  so  detailed,  shall,  when  deemed 
necessary,  be«  mounted  upon  horses  provided  by  the  Government.  (Statutes  at  Large^ 
vol.  14,  page  335,  ch.  299,  1866.) 
Approved  July  26,  1866. 

[Indosure  H.] 

Office  of  the  Chief  Signal  Offices, 

Washinfftany  2>.  C,  August  18,  1868. 

Snt:  I  have  the  honor  to  suggest  as  follows: 

1.  That  the  officers  designated  by  generals  commanding  departments  to  be  acting  sig> 
nal  officers  west  of  the  M&issippi  River  be  ordered  to  report  to  the  Chief  Signal  (%cer 
as  the  designations  are  received.  The  necessity  for  instruction  west  of  the  Mississippi' 
is  greater,  and  it  will  require  much  more  time  than  for  the  departments  east  of  that  river, 
while  the  distance  to  be  traveled  will  cause  these  officers  to  report  as  it  is  desired  they 
should  at  different  periods  of  time. 

2.  That,  as  heretofore  recommended,  Fort  Greble  be  placed  under  the  control  of  th& 
Chief  Signal  Officer  of  the  Army. 

3.  That  a  detachment  of  selected  men  of  the  general  service,  sufficient  in  number  to 
afford  a  proper  guard  and  to  do  post  duty  at  the  fort,  and  at  the  same  time  to  furnish  a 
sufficient  detail  to  be  instructed,  report,  as  heretofore  recommended,  to  the  Chief  Signal 
Officer  for  duty. 

The  opportunity  now  afforded  for  selecting  a  sufficient  detail  from  the  general  service 
of  men  unusually  well  taught  and  not  attached  to  any  regiment  or  corps  ought  to  be 
availed  of. 

The  law  contemplates  the  detail  for  this  service  of  one  hundred  non-commiasioned  offi- 
cers and  men  of  engineers.  A  detail  to  be  made  from  the  general  service  in  the  mode 
suggested  would  be  acceptable  to  the  Chief  Signal  Officer  and  would  avoid  annoyanoea. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

ALBERT  J.  M7EB, 

BvU  Brig,  Gml.  and  Chief  Signal  Officer  of  ths  Army. 

To  the  honorable  The  Sbcbbtasy  of  Was, 

fFaakingUm,  D.  C. 


rindosure  LI 

Wab  Depabthskt,  Adjutant  Genebal's  Office, 

WaaMngtony  August  20,  1868. 

SiB:  Referring  to  your  letter  of  the  18th  instant,  you  are  respectfully  informed  thofe 
orders  have  been  issued  directing  Lieut.  J.  P.  Story,  34th  Infismtry,  who  has  heea 
ordered  to  report  to  you,  to  select,  under  your  instructions,  men  from  the  recruits  at  the 
general  depot,  New  York  Harbbr,  to  form  a  signal  party  to  be  stationed  at  Fort  Greble, 
and  that  your  recommendation  of  the  11th  instant,  that  the  post  at  Fort  Greble  be  placed 
under  your  control,  has  been  approved  by  the  Secretary  of  War  and  the  &ct  communi- 
cated to  General  Canby,  commanding  Department  of  Washington,  by  letter  of  this  date 
from  this  office,  a  copy  of  which,  together  with  a  copy  of  a  letter  to  General  Butterfield, 
relative  to  the  selection  and  forwarding  of  the  detachment  to  form  the  signal  party,  is  re- 
spectfully inclosed  for  your  information. 

Should  the  number  of  men  designated  for  the  signal  party  not  be  selected  from  th& 
recruits  at  the  general  depot,  good  men  may  be  enlisted  here  for  tiiie  party  when  they  are 
approved  by  you,  provided  that  not  more  than  fifty  men  in  all  are  assigned  to  it. 

The  details  of  officers  to  report  to  you  for  signal  duty  will  be  made  as  ^ey  are  re- 
ported by  department  and  district  commanders. 
Very  respectfully,  your  obedient  servant, 

J.  C.  KELTON, 
Assistant  At^futant  OeaeraL 

Brevet  Brigadier  General  A.  J.  Myeb, 

CMtf  Signal  Officer ,  Washington,  D.  C. 
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[Indooure  K.] 

Adjutant  General's  Office. 

Waahingtony  March  31,  1870. 

General:  I  have  to  inform  you  that  your  application  for  authority  to  appoint  from 
the*  general  service  men  constituting  the  Signal  Service  detachment  as  many  non-commis- 
sioned officers  as  may  be  necessary  for  its  proper  discipline,  not  to  exceed  the  number  pro- 
vided for  a  company,  to  be  paid  in  the  same  manner  as  other  non-commissioned  officers  of 
the  general  service,  United  States  Army,  having  been  submitted  to  the  Secretary  of  War, 
is  approved  to  take  effect  April  1,  1870. 

I  am,  very  respectfully,  your  obedient  servant, 

E.  D.  TOWNSEND, 

Ae{jutant  General. 
Brevet  Brigadier  General  A.  J.  Myeb,  U.  S.  A., 

CMef  Signal  Officer,   WashingUm,  D,  C, 


[Indosuro  L.] 

Wab  Depabtment,  Adjutant  Gbnebal's  Office, 

'Washington,  April  19,  1870. 

SiB:  I  have  the  honor  to  inform  you  that  the  recommendation  contained  in  your  com- 
munication of  the  12th  inst.,  *'that  the  Signal  Service  detachment  at  Fort  Whipple, 
Yirginia,  be  maintained  at  the  strength  of  a  company,''  has  been  approved  by  the  Sec- 
retary of  War,  and  the  General  of  the  Army  directs  me  to  inform  you  that  you  can  ap- 
point your  own  non-commissioned  officers  and  assign  enough  recruits  from  time  to  time, 
to  the  extent  of  sixty  (60)  privates,  four  (4)  corporals,  four  (4)  duty  seigeants,  and  one 
(1)  first  sergeant. 

Very  respectftdly,  your  obedient  servant, 

E.  D.  TOWNSEND, 

AdjuUiwl  (General, 
Brevet  Brigadier  Greneral  A.  J.  Myeb, 

Chief  Signal  Officer,  Washington,  D.  C. 


[Incloaare  M— Qenebai.  Obdebs  No.  29.] 

Headquabtebs  of  the  Abmy,  Adjutant  Genebal's  Office, 

Washington,  March  15,  1870. 

By  direction  of  the  Secretary  of  War  the  following  publie  resolution  and  orders  are 
published  for  the  information  of  all  concerned: 

[Public  reaolution— No.  9.] 

JOINT  RESOLUTION  to  authorize  the  Secretary  of  War  to  provide  for  taking  meteoroloffioal  ob- 
servationB  at  the  military  stations  and  other  points  in  the  interior  of  the  continent,  and  for  givinfl: 
notice  on  the  northern  lakes  and  seaboard  of  the  approach  and  force  of  storms. 

Be  it  resolved  by  the  Senate  and  House  of  Bepresentalives  of  the  United  States  of  America  in 
Congress  assembled,  That  the  Secretary  of  War  be,  and  he  hereby  is,  authorized  and  re- 
quired to  provide  for  taking  meteorological  observations  at  the  military  stations  in  the 
interior  of  the  continent  and  at  other  points  in  the  States  and  Territories  of  the  United 
States,  and  for  giving  notice  on  the  northern  lakes  and  on  the  sea-coast,  by  magnetic 
telegraph  and  marine  si^ials,  of  the  approach  and  force  of  storms. 

Approved  February  9,  1670. 

The  Chief  Signal  Officer  of  the  Army  is  charged,  subject  to  the  direction  of  the  Secre- 
tary of  War,  with  the  special  duties  of  the  observation  and  giving  noti^,  by  telegraph 
and  signal,  of  the  approach  and  force  of  storms,  under  the  provisions  of  this  resolution. 

The  undertaking  thns  imposed  upon  the  Secretary  of  War  is  for  the  benefit  of  the 
commerce  of  the  United  States.  It  is  therefore  expected  that  aU  commanding  officers 
will  afford  every  finality  for  its  successful  discharge;  and  all  scientific  establt^unents, 
■commercial  associations,  and  others  are  requested  to  aid,  by  their  co-operation,  in  its 
4K:complishment. 

By  command  of  Oeneral  Sherman: 

E.  D.  TOWNSEND, 

A^utant  OeneraL 
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flnclosure  N.l 

Wae  Depaetment, 
Office  of  the  Chief  Signal  Officer, 
Division  of  Telegbams  and  Bepobts  fob  the  Benefit  of  Commebcb, 

Washingtony  D.  C,  August  5,  1870. 

Sib:  I  respectfully  recommend  that  the  Chief  Signal  Officer  he  anthorized  to  inform 
candidates  for  enlistment  as  sergeants  for  the  '^ohservation  and  report  of  storms^hy 
tel^raph  and  signal,  for  the  benefit  of  the  commerce  of  the  northern  lakes  and  seaboard, ' ' 
that,  although  they  will  be  subject  to  strict  military  discipline  while  on  this  duly,  they 
will  not  be  transierred  to  any  other  branch  of  the  service,  and  that  a  dischaige  will  bo 
given  them  when  their  services  are  no  longer  required. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

ALBERT  J.  MYEB, 
Brevet  Brig,  GenH  and  CMef  Signal  Officer  of  the  Anmy, 

To  the  honorable  The  Secbetaby  of  Wab, 

WatMngUm^  2>.  C. 
Approved: 

WM.  W.  BELKNAP, 

Secretary  of  War, 
AUGX78T  5, 1870. 

[Inoloaore  O  and  P.l 

Wab  Depabtment, 
Office  of  the  Chief  Signal  Offices, 
Division  of  Telegbams  and  Bepobts  fob  the  Benefit  of  Cohmebce, 

Washingionf  D.  C,  August  9,  1870. 

Sib:  I  respectfully  recommend  that  the  pay  and  allowances  of  general  service  men, 
unlisted  for  the  duties  of  the  observation  and  report  of  storms  for  the  benefit  of  commerce 
on  the  northern  lakes  and  seaboard,  be  the  same  as  those  of  general  service  men  of  sim- 
ilar grades  employed  as  clerks  at  the  department  headquarters  of  the  military  depart- 
ment in  which  their  stations  may  be. 

I  am,  sir,  very  respectftdly,  your  obedient  servant, 

ALBERT  J.  MYER, 
Brevet  Brig.  GenH  and  Chief  Signal  Officer  of  the  Army, 

To  the  honorable  The  Secbetaby  of  Wab, 

Waahingtonj  D.  C, 
Approved  August  10,  1870. 
W.  D.,  Met.  Div.  14,  1870. 

[Inolosure  Q— Gbuxbal  Obdeiu  No.  48.] 

Wab  Depabtment,  Adjutant  Genebal's  Office, 

Washington,  July  10,  1866. 

The  following  Joint  resolution  and  acts  of  Congress  are  published  for  the  information 
and  government  of  all  concerned: 

«  »  *  «  #  »  » 

[Public— No.  108.] 

AN  ACT  making  appropriations  for  the  support  of  the  Army  for  the  year  ending  80Ui  of  June,  1867, 

and  for  other  purposes. 

«  *  *  *  »  »  « 

Sec.  7.  And  be  it  further  enacted.  That  when  it  is  necessary  to  employ  soldiers  oe  artifi- 
cers or  laborers  in  tiie  construction  of  permanent  military  worlds,  public  roads,  or  other 
constant  labor  of  not  less  than  ten  clays'  duration  in  any  case,  they  shall  receive,  in 
addition  to  their  regular  pay,  the  following  additional  compensation  therefor:  Enlisted 
men  working  as  artificers,  and  non-commissioned  officers  employed  as  overseers  of  such 
work,  not  exceeding  one  overseer  for  every  twenty  men,  thirty-five  cents  per  day;  and 
enlisted  men  employed  aa  laborers,  twenty  cents  per  day;  but  such  worldng  parties 
shall  only  be  authorized  on  the  written  order  of  a  commanding  officer.  Tliis  allowance 
of  extra  pay  is  not  to  apply  to  the  troops  of  the  Engineer  and  Ordinance  Departments. 


Approved  July  13,  1866. 

By  order  of  the  Secretary  of  War: 


E.  D.  TOWNSEND, 
Assistant  Adjutant  General. 
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[IndoBure  B— GBsncKiOi  Obdxrs  No.  79.] 

Wab  Depabtment,  Adjutant  Gekebal's  Office. 

Washington,  September  22,  1866. 

In  accordance  with  section  7,  act  approved  Jttly  13, 1866.  the  following  aresabstiiuted 
for  paragraphs  902  and  903,  article  39,  of  Hevised  Relations  of  1863: 

902.  When  it  is  necessary  to  employ  soldiers  as  artificers  or  laborers  in  the  constmo- 
tion  of  permanent  military  works,  public  roads,  or  other  constant  labor  of  not  less  than 
ten  days'  duration  in  any  case,  they  shall  receive,  in  addition  to  their  regular  pa.v,  the 
fidlowing  additional  compensation  therefor:  Enlisted  men  working  as  artificers,  and  non- 
ooAmissioned  officers  employed  as  overseers  of  such  work,  not  exceeding  one  overseer  for 
every  twenty  men,  thirty-five  cents  per  day;  and  enlisted  men  employed  as  laborers 
twenty  cents  per  day.  The  non-commissioned  officers  and  soldiers  so  employed  are  to  be 
mustered  as  extra-duty  men.  The  allowance  of  thirty-five  cents  a  day  is  to  those  em- 
ployed as  mechanics,  overseers,  and  derks  in  the  Bureaus  of  the  War  Department,  at  the 
Headquarters  of  the  Army,  and  at  military  division  or  department  headquarters.  But 
no  man  shall  be  rated  and  paid  as  a  derk,  overseer,  or  mechanic  who  is  not  actually  em- 
plc^ed  as  such.  Commanding  officers  will  particularly  see  to  this;  nor  shallany  soldier 
be  rated  at  higher  pay  than  twenty  cents  per  day,  except  by  their  order. 

903.  Enlisted  men  of  the  Ordnance  and  Engineer  Departments,  artificers  of  sirtillery, 
hospital  stewards  and  ordnance  sergeants,  are  not  entitled  to  this  allowance. 

By  Older  of  the  Secretary  of  War: 

E.  D.  TOWNSEND^ 
Assistant  Adjutant  General. 

flnoltMure  8.] 

Headquabtebs  Militaby  Diyisiok  of  the  Pacifio, 

San  Francisco  J  Cal.,  September  15,  1868. 

Snt:  You  are  aware  that  the  A^utant-Greneral's  Department  has  up  to  this  time  been 
denied  the  privilege  granted  to  ti^e  Quartermaster's  Department,  Bubsistenoe  Depart- 
ment, Pay  Department,  and  others  of  employing  citizen  clerks  for  service  at  headquar- 
ters of  military  divisions  and  departments.  Not  only  inconvenience  but  actual  detriment 
to  the  service  results  from  the  want  of  this  clerical  force.  As  a  substitute  for  it,  I  ear- 
nestly Invite  vour  attention  to  what  seems  to  me  legal,  proper,  and  practicable. 

Section  8  of  the  act  approved  July  28,  1866,  now  in  force,  is  as  follows:  *•  ♦  ♦  ♦ 
and  recruits  may  at  all  times  be  collected ''  at  the  general  rendezvous  in  addition  to  the 
number  required  to  * '  fill  to  the  minimum  all  the  regiments  of  the  Army ; ' '  provided, '  *  such 
recruits  shall  not  exceed  in  the  aggregate  3,000  men."  Under  this  act  grant  authority 
for  clerks  and  niessengers  detailed  at  headquarters  of  military  divisions  and  departments 
to  be  transferred  from  their  companies  to  the  *  ^  general  service  "  and  for  the  duef  clerks 
to  be  rated  as  first  sergeants  of  infantry,  the  other  clerks  as  sergeants  of  infimtry ,  and  the 
messengers  as  corporate  of  in&ntry ;  limiting  the  number  to  be  so  rated,  if  you  deem  that 
necessary.  This  would  greatly  promote  the  efficiency  of  the  various  offices.  Under  pres- 
ent circumstances  it  is  difficiidt  to  obtain,  and  exceedingly  difficult  to  retain,  suitable 
enlisted  men  in  these  duties  in  this  division.  The  expenses  here  are  very  great,  and 
suitable  enlisted  men  are  generally  non-commissioned  officers  in  their  companies  and  if 
taken  away  the  captains  naturally  desire  to  reduce  them  to  the  ranks  and  fill  their  places, 
and  when  so  reduced  they  cannot  affi>rd  to  remain  here,  and  we  lose  them  either  by  hav- 
ing to  return  them  to  their  companies  or  by  their  refusal  to  re-enlist. 

If  you  approve  of  and  can  efiect  the  arrangement,  as  I  earnestly  hope  you  may.  I  would 
request,  for  special  reasons  afiecting  my  own  office,  that  it  be  done  at  the  earliest  date 
practicable. 

I  am  sir,  very  respectfully,  your  obedient  servant, 

JAMES  B.  FRY, 
Assistant  AtfjutOMt  QeneroL 

To  the  Adjutant  Genebal, 

Washinffton  I).  C. 


rinolosure  T.— Gehxbal  Obdkbs  No.  92.1 

Headquabtebs  of  the  Abmy,  Adjutant  Genebal's  Office, 

Washington,  November  4,  186a 

The  following  order  has  been  received  from  the  War  Department  and  is  published  for 
the  ^vemment  of  all  concerned.  No  other  allowances  of  &e  class  designated  than  those 
herem  prescribed  will  be  sanctioned  after  January  1,  1869: 

The  records  of  divisions,  departments,  and  districts  show  a  very  lanse  number  of 
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floldieis  employed  on  extra  duty  as  clerks,  messengers,  and  orderlies  at  their  headquar- 
ters This  is  probably  in  some  degree  due  to  the  difficnlty  of  obtaining  and  keeping  the 
necessary  number  of  efficient  and  reliable  men  under  the  present  uncertain  ^stem  of 
details. 

Accordingly  the  commanding  generals  of  military  divisions  and  departments,  and  of 
the  military  districts,  are  hereby  authorized  to  enlist  a  detachment  of  '*  general  service" 
men,  in  no  case  exceeding  one  sergeant,  two  corporals,  and  ten  privates,  and  as  much 
less  as  the  actual  necessities  of  the  service  will  permit,  to  be  employed  as  clerks  at  their 
headquarters;  and  they  are  authorized  to  discharge  them  from  time  to  time  when  they 
are  not  required  as  clerks.  It  is  expected  that  the  efficiency  of  clerks  thus  obtained  will 
greatly  diminish  the  necessity  for  a  large  number. 

If  it  be  necessary  to  employ  any  men  in  excess  of  the  number  above  Aithorized,  the 
commanding  generals  must  detail  them  from  regiments  serving  within  their  commands; 
and  in  this  case  the  men  will  not  be  dropped  from  the  rolls  of  their  companies. 

Extra  pay  and  commutation  of  rations,  fuel,  and  quarters  will  be  allowed  linder  this 
order  for  the  number  of  men  and  at  the  rates  laid  down  in  the  following  table.  For  any 
detailed  men  in  excess  oT  such  number,  only  the  cost  price  of  the  regulation  allowance 
of  rations,  fuel,  and  quarters,  and  no  extra  pay  will,  under  any  circumst&nces,  be 
authorized: 


• 

Number  al- 
lowed. 

si 

Commutation. 

Grade. 

R'tionsp*r 
diem. 

Fuel  per 
month. 

Quarters 
perm*nth. 

Clerks  (g;enera1  service) 

13 
5 

10  35 
20 

10  75 
50 

18  00 
800 

HO  00 

MeflBengers  (detailed  from  oompanlee)..... 

10  00 

Muster  and  muster  and  pay  rolls  of  the  detachments  will  be  made  as  prescribed  in 
the  Army  Reg^ulations  for  companies.  The  general  service  men  and  detailed  men  will 
be  all  mustered  on  the  same  rolls,  with  remarks  showing  to  what  commands  or  companies 
they  properly  belong.  The  detailed  men  who  receive  extra-duty  pay  and  allowances, 
will  be  distinguished  from  those  detailed  in  excess  of  the  authorized  number. 

This  order  will  begin  to  go  into  effect  immediately  on  its  receipt,  and  the  reductions 
to  be  made  under  its  provisions  must  be  fWy  completed  by  January  1,  1869. 

By  command  of  General  Grant: 

E.  D.  TOWNSEND, 

AansUaU  Adjutant  GeneraL 

Indosnre  U. 

Washington,  D.  C,  Jlavember  5, 1868. 
Brevet  Migor-General  James  B.  Fry, 

Assistant  Aefjutant  Cftneral: 

You  are  authorized  to  enlist  not  more  than  one  sergeant,  two  corporals,  ten  privates, 
general  service,  as  clerks,  and  detail  from  companies  not  more  than  five  privates  for  mes- 
sengers, per  division  and  each  department  headquarters;  derks,  35  cents  extra  pay,  75 
cents  rations,  $8  ftiel,  $10  quarters;  messengers,  25  cents  extra  pay,  50  cents  rations,  fuel 
and  quarters  same  as  derks. 

E.  D.  TOWNSEND, 

Assistant  Adffutant  Otneral, 


flndosare  v.— OxHXKAL  Obdkbb  Mo.  80.] 

Headquabtebs  or  the  Abmy,  Adjutant  Genesal's  Office, 

Washinsian,  April  6,  1869. 

The  following  regulations  have  been  received  from  the  War  Department  and  are  pub- 
lished for  the  government  of  all  concerned: 

I.  The  number  of  clerks  and  messengers  allowed  to  the  headquarters  of  military 
divisions  and  departments  out  of  the  general  service  recruits,  as  prescribed  in  General 
Orders  No.  92,  of  November  4,  1868,  will  be  reduced  so  that  from  the  1st  of  July  next 
they  will  not  exceed  ten  in  the  aggregate,  all  of  whom  will  be  rated  as  clerks  and  allowed 
the  extra  pay  and  commutations  prescribed  for  '*  clerks.'' 

II.  The  aggregate  number  of  hired  dtizens  employed  by  the  QuartermaAter's  Depart- 
ment, whether  rated  as  derks,  teamsters,  mechanics,  or  laborers,  will  be  reduced  as 
rapidly  as  possible,  so  that  by  the  1st  of  July,  1869,  and  thereafter,  they  will  not  exceed 
four  thousand  in  the  aggregate.    The  Quartermaster  General  will  distribute  this  number 

60  BIG 


946  REPORT   OF   THE   CHIEF   SIGNAL-OFFICER. 

to  the  several  departments  according  to  the  numberof  troope  therein  or  according  to  the 
work  to  be  done;  and  when  any  necessity  arises  for  a  special  number  ot  hired  men  in  ex- 
cess of  the  above  number  he  will  submit  the  case  for  the  orders  of  the  President. 

III.  The  commanding  generals  of  military  divisions  and  departments  will  cause 
thorough  inspections  to  be  made  as  to  the  number  of  officers  drawing  commutation  for 
Aiel  and  quarters,  and  will  reduce  the  number  as  much  as  possible.  All  officers  and 
troops  should  be  quartered  iA  the  regular  forts  and  barracks  belonging  to  the  United 
iStates  whenever  it  be  possible,  and  when  the  barracks  are  inadequate  lor  all  military 
purposes  they  may  submit  plans  and  estimates  for  iiew  or  enlarged  barracks,  with  a 
^ew  to  accommodate  in  public  buildings  the  Army  on  its  present  standsurd. 

rv.  In  like^nanner  the  commanding  genends  of  divisions  and  departments  will 
i»use  a  thorough  inquiry  into  all  the  means  of  transportation,  whether  of  animals, 
wagons,  barges,  boats,  &c.,  with  a  view  to  a  reduction  to  the  actual  wants  of  the  service, 
and  will  report  thereon  specially  to  the  Headquarters  of  the  Army. 

By  command  of  Oeneral  Sherman: 

E.  D.  TOWNSEND, 
'  A88i8tant  AdjviaiU  General. 

Brevet  M^or  General  Geo.  Cbook, 

Commanding  Department  of  the  Columbia j  Portland,  Oregon: 

Under  this  order  it  is  intended  that  the  several  commanders  shall  use  their  own  dis- 
cretion, without  reference  to  this  office,  in  obtaining,  discharging,  or  transferring  clerks 
to  and  from  the  general  service  detachment.  They  are  authorized  by  their  own  order 
to  transfer  suitable  clerks  from  companies  within  their  command  to  the  detaehmen^,  or 
to  enlist  men  for  it. 

It  is  recommended  that  no  absolute  conditions  shall  be  made  with  the  men  except 
such  as  are  contingent  upon  their  good  conduct;  so  that  if  a  man,  whose  conduct  has  been 
good  is  no  longer  required  at  any  time  he  may  have  the  option  of  being  dischai^ged  or 
tmnsferred  to  a  company  to  serve  out  his  enlistment.  But  for  misconduct  he  may  be 
transferred  to  a  company  without  the  right  to  demand  his  discharge.  •  All  changes  made 
under  this  order  should  appear  on  the  muster-rolls  for  the  period  during  which  they 
occur.  Please  correct  copy  of  the  order  heretofore  sent,  so  that  the  number  of  corporals 
in  the  fourth  line,  second  paragraph,  shall  be  two  instead  of  one. 

E.  D.  TOWNSEND, 
Assistant  Adjutant  General. 

[Indbsure  W.] 

Wab  Depabtment,  Adjutant  General's  Office, 

Wdshingtonj  July,  5,  1871. 

Sib:  The  Secretary  of  War  has  authorized  the  selection  of  sixty  recruits  irom  those 
which  are  or  may  from  time  to  time  become  disposable  at  the  depot,  who  on  examina- 
tion may  be  found  suitable  for  employment  in  the  Signal  Ser\ice  detachment  and  school 
of  instruction  at  Fort  Whipple,  Virginia,  the  selection  to  be  made  by  a  commissioned 
officer  designated  by  the  Chief  Signal  Officer  of  the  Army. 

You  will  please  give  General  Myer  every  assistance  in  your  power  in  procuring  the  best 
men  possible,  without,  however,  breaking  in  upon  the  ^^  permanent  company. '^ 
Very  respectfully,  your  obedient  servant, 

THOMAS  M.  VINCENT, 
Assistant  Adjutant  General, 

To  the  SUPEBINTENDENT  GENEBAL  ReCBUITINO  SeBVICE, 

(Eastern  DiHsion)  Kew  York  City. 
[IndcMBure  X.] 

Adjutant  Genebal's  Office. 
Waskingtm,  D.  G,  February  27,  1872. 

Genebal:  Referring  to  your  letter  of  January  12,  1872,  relative  to  the  number  of  ser- 
geants in  the  Army,  I  am  instructed  to  inform  you  that  the  number  of  sergeants  in  the 
Signal  Corps  may  be  increased  as  high  as  125  in  all. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

R  D.  TOWNSEND, 

At^juiant  C^eneroL 
Brevet  Brigadier  General  A^  J.  Myeb, 

Chief  Signal  Officer,  U.  S.  A.,  Washington,  D.  C. 
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[Indosure  Y.] 

Wab  Djepaetment,  Adjutant  Genebal's  Office, 

WdahmgUm,  March25,  1873. 

Obnebal:  In  reply  to  your  commnnication  of  March  20,  1873,  I  have  respectftilly  to 
inform  yoa  that  the  Secretaiy  of  War  has  approved  of  your  recommendation  that  the  num- 
ber of  sergeants  in  the  Signal  Corps  be  increased  to  150.  in  all. 
Very  respectfiilly,  your  obedient  servant, 

E.  D.  TOWNSEND, 

AdjwUmt  Oeneral. 
Brigadier  General  A.  J.  Myeb, 

Chief  Signal  Qficer,  U.  8.  A.,  Waahinfftan,  D,  C. 


[Indoflure  Z.] 

AN  ACT  making  appropriationa  for  the  support  of  the  Army  for  the  fiscal  year  ending  June 
thirtieth,  eighteen  hundred  and  seventy-five,  and  for  other  purposes. 
■»  *  *  «  «  «  « 

For  expenses  of  recruiting  and  transportation  of  recruits,  $105,000.  And  no  money 
appropriated  by  this  act  shall  be  paid  for  recruiting  the  Army  beyond  the  number  of 
25,000  enlisted  men,  including  Indian  scouts.  Nothing,  however,  in  this  act  shall  be  con- 
strued to  diminish  the  Signal  Service,  which  shall  be  maintained,  as  now  organized, 
onder  the  authority  of  the  Secretary  of  War. 

*  *  «  #  «  «  « 

Approved  June  16,  1874. 


[Incloeure  A.^Extract  from  annual  report  of  the  Chief  Signal  Officer  for  1873.] 

*  *  *  Recruiting  for  assignment  to  the  Signal  Service  has  been  conducted  under 
the  direction  of  the  War  Department,  that  the  recruiting  officers  of  the  general  recruit- 
ing service  at  designated  stations  should  enlist  and  order  to  this  office  such  men,  they 
passing  the  required  physical  examination,  as  may  be  presented  to  them  by  the  recrmting 
observer  sergeants  of  the  Signal  Service.  While  the  popularity  of  the  service  has  #een 
remarkable,  its  requirements  are  not  always  understood  by  those  who  apply  to  be  en- 
listed. So  much  trouble  has  been  occasioned  to  the  Secretary  of  War  by  recruits  com- 
plaining of  the  military  duties  considered  by  this  office  essential  that  a  series  of  circulars 
and  instructions  shown  in  papexs  5  and  6  and  paragraph  144  of  paper  7,  hereto  annexed, 
have  been  prepared  and  so  brought  to  the  notice  of  every  applicant  for  enlistment,  the 
recruiting  sergeant,  and  recruiting  officer  that  misapprehension  seems  to  be  impossible. 

War  Department,  Office  of  the  Chief  Signal  Officer, 

Washington,  D,  C,  June  7,  1873. 

[Circular  No.  17.] 

This  circular  is  published  for  the  information  of  those  desiring  to  enter  the  Signal 
Service,  United  States  Army,  with  reference  to  its  field  duties,  including  field  si^^ 
and  electric  telegraph,  as  distinguished  from  the  full  duties  of  that  service,  which  include 
the  observation  and  report  of  storms  and  display  of  cautionary  signals,  &c. 

1.  Entrance  into  this  service  in  all  cases  is  by  enlistment  as  a  private  soldier  in  the 
R^ular  Army  of  the  United  States,  the  pay,  quarters,  allowances,  and  duties  being,  in 
the  first  instance,  and  unless  changed  aiter  instruction,  detail,  or  promotion,  those  of  a 
private  soldier  in  the  Signal  Service,  United  States  Army.  All  men  enlisted  are  drilled 
in  the  use  of  arms  and  disciplined  in  the  duties  of  soldiers.  The  term  of  service  is  five 
years,  unless  sooner  discharged.  The  Secretary  of  War  has  power  to  grant  dischajges, 
which  this  office  is  authorized  to  promise  when  applied  for  on  projier  grounds,  and  at 
times  when  no  special  injury  to  the  service  would  result  therefrom;  but  as  a  rule  no  ap- 
plication for  discharge  will  be  £:ivorably  entertained  until  after  two  years  of  faithful 
service,  and  not  then,  except  as  above  specified.  With  the  single  exception  that  men 
ejilisting  for  the  Signal  Service  will  not  be  transferred  to  any  other  branch  of  the  Army, 
no  promise  will  be  given  which  can  alter  or  afifect  the  usual  terms  of  enlistment.  The 
service,  while  stricSy  military,  is  also  probationary,  with  opportunities  for  advance* 
ment,  depending  mainly  on  the  good  conduct  and  capacity  of  each  individual. 
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Mairied  men  and  those  under  twenty-one  or  over  forty  years  of  age  are  not  enlisted. 
The  standard  height  is  five  feet  fonr  inches  and  upward. 

2.  Applicants  can  present  themselves  in  person  to  the  officer  in  charge  at  Fort  Whipple, 
Viiginia,  near  Washington,  D.  C,  or  to  the  ohserver  sergeants  of  the  Signal  Service  at 
the  following  pointSi  viz:  New  York,  Philadelphia,  Baltimore,  Cincinnati,  Saint  Louis, 
Boston,  Buffalo,  Chicago,  Cleveland,  Detroit,  In^anapolis,  and  Louisville,  which  sergeants 
are  ordered  to  present  proper  applicants  to  the  recruiting  officers  of  the  United  States 
Army  in  those  cities.  No  promise  or  statement  different  from  this  circuliu:,  made  by  any 
one,  is  authorized,  or  will  be  allowed  to  affect  the  terms  of  enlistment  of  any  recruit. 
Recruits  enlisted  at  Fort  Whipple,  or  at  the  above-mentioned  cities,  are  placed  on  duty 
in  the  first  instance  at  Fort  Whipple  or  nt  such  other  stations  where  their  services  may 
be  made  available.  They  will  not  be  precluded  from  eventual  advancement  to  the  fVill 
duties  of  the  Signal  Service,  and  promotion,  in  case  they  prove  fit  and  worthy,  but  wiU 
not  be  considered  as  included,  upon  their  enlistment,  in  the  regulations  made  for  those 
recruits  who  may  have  been  enlisted  with  special  reference  to  the  full  duties  above  re- 
ferred to.  They  may,  however,  be  subject  to  detail  on  any  of  the  duties  of  the  Signal 
Service  in  the  discretion  of  higher  authority. 

3.  The  pay  and  allowances  of  either  a  sergeant  or  private  vary  according  to  the  char- 
acter and  place  of  the  duties  and  the  length  of  the  service  of  each  individual.  Tlie  fol- 
lowing table  exhibits  the  average  amount  per  month  for  five  years,  according  to  the 
present  law: 


Sergeants. 
Privates... 


When  at  Fort 
Whipple,Va., 
or  at  a  mili- 
tary post. 


181  87 
17  18 


When  on 
station. 


174  68 
67  99 


When  at 
this   office. 


$92  49 
88  45 


Of  the  above  amounts  one  dollar  per  month  in  the  third  year,  two  dollars  per  month 
in  the  fourUi  year,  and  three  dolkos  per  month  in  the  fifth  year,  are  retained,  and  will 
not  be  paid  until  final  dischaige  alter  Mthftil  service.  An  allowance  for  clothing,  aver- 
aging ^.02  per  month  for  sergeants  and  $2.98  for  privates,  is  also  included  in  the  above, 
whic|i,  if  clothing  is  not  drawn  in  kind,  is  also  retained  until  discharge.  When  at  Fori 
Whipple  both  seigeants  and  privates  receive  quarters  and  rations,  and  at  all  places  are, 
when  ill,  provided  with  medical  attendance  and  medicines. 

4.  Applications  being  frequently  mode  for  enlistment  in  this  service,  conditioned  upon 
the  applicant  being  placed  upon  some  specified  duty  or  stationed  at  a  particular  place,  it 
is  to  be  clearly  understood  Uiat  no  such  qualification  of  the  contract  of  enlistment  will 
be  allowed  or  considered,  the  wants  of  the  service,  which  cannot  be  known  in  advance, 
regulating  all  details  of  duty. 

By  order  of  the  Chief  Signal  Officer  of  the  Army: 

GARRICK  MALLERT, 
Captain  and  Brevet  Lieut.  Col,  U.  S.  A.,  Aeting  Signal  Officer  and  A$9iMtant, 

[Indosure  b.] 

,  the  undersigned,  having  read  and  understanding  the  above  circular,  do, 

in  accordance  with  its  terms,  ofier for  enlistment  as  a  private  soldier  im 

the  Signal  Seovioe,  United  States  Army. 


Place. 


Date. 


Signature. 


Witness  to  signatiure. 
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[Indosnre  c] 

AN  ACT  making  appropriations  for  the  support  of  the  Army  for  the  flsoal  year  ending  Juie  thir- 
tieth, eighteen  hundred  ana  seventy-eix,  and  for  other  purposes. 

*  *  *  For  expenses  of  recnxitiiig  and  tzanipoTtatioxi  of  recraits,  $105,000.  And  no 
money  appropriated  by  this  act  shall  be  paid  for  recmiting  the* Army  beyond  the  num- 
ber of  25, 000  enlisted  men,  including  Indian  scouts  and  hospital  stewards.  Nothing,  how- 
ever, in  this  act  shall  be  construed  to  prevent  enlistments  for  the  Signal  Service,  which 
shall  hereafter  be  maintained  as  now  organized,  and  with  the  force  of  enlisted  men  now 
provided  by  law.     (Statutes  at  Large,  vol.  18,  page  452,  ch.  133,  1875. ) 

Approved  March  3,  1875. 


[Indosure  d.] 

AN  ACT  making  appropriations  for  the  support  of  the  Army  for  the  fiscal  year  ending  June  thir- 
tieth, eighteen  hundred  and  seventy-five,  and  for  other  purposes. 

«  «  «  YoT  expenses  of  recruiting  and  transportation  of  recruits,  $105,000.  And  no 
money  appropriated  by  this  act  shall  be  paid  for  recruiting  the  Anny  beyond  the  num- 
ber of  25,000  enlisted  men,  including  Indian  scouts.  Nothing,  however,  in  this  act  shall 
be  construed  to  diminish  the  Signal  Service,  which  shall  be  maintained,  as  now  organized, 
under  the  authority  of  the  Sec^tary  of  War.  (Statutes  at  Large,  vol.  18,  page  72,  ch. 
285,  1874.) 

Approved  June  16,  1874. 


[Indosure  e.]  ^ 

AN  ACT  making  appropriations  for  the  support  of  the  Army  for  the  fiscal  year  ending  June  thir- 
tieth, eighteen  hundred  ana  seventy-seven,  and  for  other  purposes. 

*  *  *  For  expenses  of  recruiting  and  transportation  of  recruits,  $90,000.  And  no 
money  appropriated  by  this  act  shall  be  paid  for  recruiting  the  Army  beyond  the  num- 
ber of  25,000  enlisted  men,  including  Indian  scouts  and  hospital  stewards.  Nothing, 
however,  in  this  act  shall  be  construed  to  prevent  enlistments  for  the  Signal  Service, 
which  shall  hereafter  be  maintained  as  jiow  organized,  and  as  provided  by  law,  with  a 
force  of  enlisted  men  not  exceeding  400  after  present  terms  of  enlistment  have  expired. 
(Statutes  at  Large,  vol.  19,  page  97,  ch.  226,  1876.) 

Approved  July  24,  1876. 


[Inclosuxe  f.] 

•  AN  ACT  making  appropriations  for  the  support  of  the  Army  for  the  fiscal  year  ending  June  thir- 

tietn,  eighteen  hundred  and  seventy-nine,  and  for  other  purposes. 

*    *    *    por  expenses  of  recruiting  and  transportation  of  recruits,  $75,000.    And  uo 
money  appropriated  by  this  act  shall  be  paid  for  recruiting  the  Army  beyond  the  num- 
,  her  of  25, 000  enlisted  men,  including  Indian  scouts  and  hospital  stewards.    Nothing,  how- 
'  ever,  in  this  act  shall  be  construed  to  prevent  enlistments  for  the  Signal  Service,  which 
[  shall  hereafter  be  maintained  as  now  organized  and  as  provided  by  law,  with  a  force  of 
!  enlisted  men  not  exceeding  450,  after  present  terms  of  eiUistment  have  expired.     (Stat- 
utes at  Lfuge,  vol.  20,  page  146,  ch.  263,  1878.) 
Approved  June  18,  1878. 


rincloeure  g.l 

AN  ACT  making  appropriations  for  sundry  civil  expenses  of 'the  Government  for  the  fiscal  year 
ending  June  thirtieth,  eighteen  hundred  and  seventy-nine,  and  for  other  purposes. 

UNDEB  THE  WAB  DEPABTMEKT. 

Signal  Service. 

Observatiana  and  report  of  storms ;  For  the  expenses  of  the  observation  and  report  of 
storms  by  telegraph  and  signal  for  the  benefit  of  commerce  and  agriculture  throughout 
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the  United  States;  for  manofactarei  paichasei  and  repair  of  meteorological  and  other 
necessary  instrnments;  for  telegraphing  reports;  for  expenses  of  storm  signals  annonno- 
ing  the  prohable  approach  and  force  of  storms;  for  continuing  the  establishment  and  con- 
nection of  stations  at  life-saving  stations  and  light-hooses;  for  instrument  shelters;  for 
hire,  furniture,  and  expenses  of  offices  maintain^  for  public  use  in  cities  or  ports  receiv- 
ing reports;  for  river  reports;  for  maps  and  bulletins  to  be  displayed  in  chambers  of  com- 
merce and  boards  of  trade  rooms,  and  for  distribution;  for  bookis,  periodicals,  newspapers, 
and  stationery;  and  for  incidental  expenses  not  otherwise  provided  for,  $350,000.  And 
the  enlisted  force  of  the  Signal  Corps  shall  consist  of  lf»0  sergeants,  30  corporals,  and  270 
privates,  who  shall  receive  the  pay  of  engineer  soldiers  of  similar  grades;  and  two  ser- 
geants may,  in  each  year,  be  appointed  to  be  second  lieutenants:  Provided^  Signal  Service 

men  shall  not  receive  extra  duty  pay  unless  specially  directed  by  the  Secretary  of  War. 
^  ^  *  *  *  *  n 

Approved  June  20,  1878. 


APPENDIX     No.     75. 
MEMOIR  ON  THE  USE  OF  HOMING  PIGEONS  FOR  MILITARY  PURPOSES. 

The  result  of  the  investigation  into  the  practicability  of  using  pigeons  to  carry  messages 
in  time  of  war  is  n6t  so  encouraging  as  was  hoped.  Although  there  are  instances  when 
they  have  been  used  to  great  advantage,  and  when  they  were,  indeed,  the  only  means  of 
communication,  there  seem  to  be  obstacles  to  their  certain  and  systematic  use  in  time  of 
actual  hostilities.  It  is  a  fact  that,  despite  the  greatest  care  in  training,  the  pigeon  some- 
times fails  at  the  critical  moment.  When  it  succeeds,  however,  the  stake  is  generi^lly 
very  great.  To  attain  one  success  it  may  be  worth  while  to  undergo  many  fidlures.  For 
this  reason,  perhaps,  those  nations  that  devote  most  time  and  money  to  the  perfecting 
of  their  military  systems,  still  systematically  train  large  numbers  of  pigeons  for  use  in 
war. 

It  is  proposed  in  this  paper  to  give  a  brief  historical  sketch  of  the  homing  pigeon,  the 
uses  to  which  it  has  been  put,  and  also  some  general  ideas  concerning  its  usefulness,  from 
a  military  point  of  view,  that  may  not  be  without  interest. 

The  name  '^homing  pigeon  "  is  now  given  to  birds  that  are  trained  to  carry  messages. 
The  reason  for  this  seems  twofold:  First,  it  is  very  expressive — the  prominent  and  useful 
trait  being  implied  in  the  name — i.  e.,  that  the  binl  seeks  its  home;  this  is  the  trait  that 
renders  it  valuable.  Second,  the  name  ^'carrier"  is  applied  to  a  particulsur  breed  of 
pigeons,  a  class  having  particular  characteristics;  hence,  to  use  the  term  ^'oirrier- 
pigeon''  to  designate  pigeons  that  are  used  for  the  purpose  of  carrying  messages  would 
lead  to  confusion.  Although  the  name  ^* carrier''  is  not  entirely  abandoned,  it  is  not 
often  used,  and  the  name  ^Hiomer"  has  about  supplanted  it. 

The  pigeon  has  been  used  for  carrying  from\ery  early  times,  although  the  date  of  its 
first  employment  cannot  be  given.  It  is  related  that  the  victors  in  the  Olympic  games 
dispatched  pigeons  to  convey  to  friends  at  home  tidings  of  their  triumph. 

Pliny  says  that  when  Decimus  Junius  Brutus  was  besieged  in  Mutina  (Modena)  by 
Mark  Antony,  and  the  consuls  Hirtius  and  Panso,  with  Octavius,  came  to  raise  the 
siege — 43  B.  C. — Brutus  communicated  with  the  consuls  by  pigeons  that  flew  over  the 
he^s  of  the  besiegers.  Commenting  on  this,  Pliny  says:  ''What  service  did  Antony 
derive  from  his  trenches  and  his  vigilant  blockade,  and  even  from  his  nets  stretched 
across  the  river,  while  the  winged  messenger  was  traversing  the  air?"  And  the  fact 
that  one  great  object  of  a  blockaide  may  be  tfiereby  defeated  continues  to  make  the  use 
of  pigeons  popular,  notwithstanding  that  each  success  may  be  attended  by  many  disap- 
pointments. 

It  is  well  established  that  Nour-ed-deen  Mahmond,  Mohammedan  ruler  of  Syria  and 
Egypt — 1145  to  1174— had  a  regular  pigeon  x>ostal  service.  From  his  residence,  routes 
over  which  the  birds  flew  radiated  to  the  farthest  points  of  his  dominions.  Along  these 
routes  at  convenient  distances  towers  were  built  for  watchmen,  whose  business  it  was  to 
look  out  for  the  pigeons  and  care  for  them.  No  other  ruler  has  earned  the  use  of  the 
pigeon  to  such  a  systematic  and  high  state  of  perfection  as  Nour-ed-deen. 

It  is  said  that  when  King  Louis  IX  invaded  Egypt  in  1249  his  arrival  at  Damietta 
was  made  known  to  the  Sultan  at  Cairo  by  a  pigeon,  so  that  Nour-ed-deen's  successors 
were  not  unmindful  of  the  lessons  he  had  taught.  , 

In  1573,  at  the  siege  of  Haarlem,  William  of  Oran^  sent  a  homing  pigeon  toward  the 
city;  it  fell  into  the  hands  of  the  Spaniards,  who,  after  that,  tried  to  kill  every  bird  fly- 
ing over  their  camp. 

It  is  said  that  during  the  years  of  the  success  of  Napoleon  I,  Nathan  Rothschild,  of 
London,  established  pigeon-posts  in  France  and  some  of  the  a4iacent  countries.  By 
means  of  these  pigeon-p^ts,  the  maintenance  of  which  required  many  agents,  he  obtained 
information  of  the  results  of  Napoleon's  measures  and  campaigns  earlier  than  any  one 
else,  and  thus  speculated  intelligently  and  successfully.  Afterward  the  idea  was  adopted 
by  others,  and  regular  pigeon-posts  were  established  between  Paris  and  Brussels  and 
other  cities.     Bankers  were  thus  informed  of  the  fluctuations  of  the  money  market. 

In  the  revolution  of  1848  accounts  of  what  happened  at  Paris  were  carried  by  the 
pigeons,  and  the  messages  they  bore  were  publish^  almost  as  quickly  in  the  Belgian  as 
in  the  Paris  papers. 
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It  will  thns  be  seen  that  at  this  time  the  pigeon  was  beginning  to  plaj  the  part — ^im- 
perfectly, howevei^— of  the  telegraph  of  to-day. 

In  1849  a  telegraph  line  was  bnUt  between  Berlin  and  Aix-la-Chapelle,  bnt  none  from 
the  latter  place  to  Brussels;  to  fill  this  gap,  Kenter  had  a  pigeon-post  established  between 
Aiz-la-Chapelle  and  Bmssels,  thus  expediting  communication  by  a  saving  of  eight  honn. 
Each  telegram  was  forwarded  by  three  pigeons,  to  make  reasonably  certain  the  deliveiy 
of  the  message.  This  pigeon-post  did  much  to  establish  the  fiune  of  Renter's  telegraphic 
bureau.  The  telegraph  soon  after  this  supplanted  the  pigeon-posts,  as  the  railroads  have 
supplanted  the  stage^oad^es. 

When  Paris  was  about  to  be  besieged  in  1870  the  pigeon-fimciers  in  that  city  sug- 
gested to  the  military  authorities  that  the  pigeons  within  the  city  limits  be  sent  out,  ^ 
and  that  others  from  the  provinces  be  sent  into  the  city.  The  latter  proposition  was 
acted  upon,  but  the  former  was  not,  until  biJloona  were  used,  when  there  was  on  oppor- 
tunity to  send  out  pigeons  in  the  balloons,  it  being  intended  l^t  the  birds  should  return 
with  messages. 

Pigeons  had  been  declared  contraband  of  war  early  in  the  Franco-Prussian  war  of 
1870.  There  were  taken  out  of  Paris,  in  balloons,  three  hundred  and  sixty-three  pigeons. 
Of  this  number,  fifty-seven  only  returned.  These  bore  letters,  photographed  in  finest 
characters  upon  scraps  of  paper  so  minute  that  two  hundred  of  them  weighed  only  one- 
eighth  of  a  grain.  Newspapers,  reduced  by  photography  to  microscopical  characters, 
were  carried  by  these  pigeons.  The  magic-lantern  was  made  use  of  to  enlarge  the  let- 
ters, which,  thrown  upon  a  prepared  sur&ce,  were  read  by  the  public.  These  fifty-seven 
birds  were  not  the  only  ones  sent  into  Paris  during  the  siege.  A  pigeon-post  service  was 
established  at  Tours,  for  the  purpose  of  conveying  messages  into  the  capital.  The  regu- 
lar rates  for  this  service  mode  it  possible  for  one  bird  to  carry  $500  worth  of  dispatches, 
but,  during  the  latter  days  of  the  siege,  the  Germans  introduced  trained  hawks  that 
were  used  to  kill  the  pigeons. 

These  instances  show  sufficiently  that  while  the  pigeon  has  been  used  for  carrying 
messages,  many  causes — some  understood  and  others  not  understood — unite  to  make 
them  an  uncertain  and  untrustworthy  means  of  communication. 

The  reason  why  the  pigeon  seeks  its  home,  the  fact  that  makes  possible  its  use  as  a 
carrier,  has  never  been  satisfactorily  given,  and  its  discussion  involves  the  most  interest- 
ing inquiry  concerning  the  bird.  Some  have  believed  the  action  of  the  bird  due  to  in- 
stinct, others  to  training,  while  one  of  the  most  experienced  and  practical  French  fanciers 
has  recently  advanced  the  theory  that  the  pigeon  is  guided  in  its  flight  by  currents  of  elec- 
tricity in  tiie  air,  or  by  other  atmospheric  influences;  others,  again,  difiering  from  oU 
these,  believe  that  instinct,  intelligence,  and  careful  training,  combined,  account  for  the 
action  of  the  birds. 

What  is  instinct?  To  this  there  may  be  many  answers,  but  when  considered  in  con- 
nection with  the  flight  of  birds;  instinct  is  illustrated  by  the  stork,  which,  traveling  only 
at  night,  flies  north  in  the  spring  and  returns  in  the  fall.  Swallows  and  wild  geese,  and 
many  oliier  birds,  move  north  and  south  at  the  same  seasons.  They  do  not,  however, 
confine  their  movements  to  the  night-time.  All  these  move  by  what  we  term  instinct. 
Whatever  that  may  be,  it  is  all-powerful  in  its  influence  on  the  birds.  But  it  is  not  so 
with  the  homing  pigeon.  Experience  shows  that  the  flight  of  that  bird  is  not  certain 
unless  it  has  been  trained,  and  unless  atmospheric  conditions  are  fiivorable  to  its  flight. 
Notwithstanding  this,  however,  there  are  sometimes  circumstances  that  give  color  to  the 
theory  that  the  bird  flies  by  instinct  alone. 

One  instance  is  cited,  on  good  authority,  when  pigeons  brought  from  Antwerp  to  Lon- 
don returned  to  their  homes,  180  miles  distant,  without  previous  training.  Birds  have 
very  often  been  carried  75  or  100  miles  from  their  homes,  and,  when  released,  have  re- 
turned. It  ip  very  common,  in  training  good  birds,  to  make  them  fly  from  one  station 
to  another  nfly  or  moro  miles  apart  Now,  how  is  it  that  the  birds  can  find  their 
way  home  under  these  conditions?  They  aro  carried  in  baskets,  inside  a  car,  so  that  it 
is  impossible  for  them  to  see  anything  of  the  country  through  which  they  travel.  No 
effort  is  made  to  enable  them  to  see  it.  The  explanation,  it  will  be  seen,  is  beset  by 
difficulties.  It  cannot  be  instinct  alone,  for  if  there  be  a  fog,  or  if  snow  covers  the  ground, 
or  if  it  be  night,  the  bird  can  do  nothing.  If  an  unerring  instinct  directs  it,  these  nat- 
ural circumstances  would  make  no  difference;  the  pigeon  would  return  to  its  home.  Nor 
can  it  be  perceived  how  training  alone  can  enable  the  pigeon  to  return.  To  assert  this, 
is  to  say  the  bird  sees  its  way  home.  This  is  actually  asserted  by  some,  but,  it  is  be- 
lieved, upon  insufficient  grounds.  For  instance,  the  &ct  that  the  pigeon  when  released 
usually  orcles  round  and  round  as  he  ascends,  then  darts  off  in  the  direction  of  home,  is 
by  some  considered  proof  that  he  discrans  some  landmark  by  which  to  guide  his  flight. 
It  cannot  be  pretended  that  the  bird  ascends  until  he  can  see  180  miles.  To  do  this  it 
would  be  necessary  (owing  to  the  sphericity  of  the  earth)  that  he  should  rise  to  the  height 
of  about  7,000  yards.    Now,  pigeons  cannot  ascend  so  high.    The  powers  of  those  car- 
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«ied  ap  to  that  altitude  in  baUoons  have  been  completely  paralyzed,  and  when  pitched 
into  space  the  pigeons  have  fallen  like  stones  thiongh  the  air.  It  is  also  stated  that  pig- 
«eons  released  at  a  height  of  325  yards  from  ihe  earth,  or  even  at  a  height  of  850  or  1,100 
yards,  have  not  flown  directly  off,  bnt,  circling  around  lower  and  lower,  have  descended 
into  apparently  more  congenial  atmosphere  before  beginning  their  homeward  journey. 
These  iacts  seem  to  show  that  great  altitudes  are  not  suited  for  the  voyages  of  pigeons, 
4Jthough  they  seem  to  ascend  to  them  when  first  released,  and  before  beginning  their 
flight.  To  see  62  miles,  the  bird  must  ascend  925  yards;  yet^  when  carried  to  that  ele- 
vation and  released,  the  pigeon  immediately  desoends  from  it. 

Mr.  W.  B.  Tegetmeyer,  the  most  experienced  fimcierin  England,  gives  it  as  his  opinion, 
that  the  homing  fiiculty  in  pigeons  depends  solely  upon  observation  and  intelligence,  as 
•Apposed  to  instinct.  In  his  opinion  pigeons  fly  by  sight.  If  this  be  so,  it  may  be  asked 
why  do  not  birds  taken  north  £com  Paris  return  to  that  city  in  the  same  manner  as  they 
do  from  the  south?  Of  several  thousands  sent  north  fh>m  that  city  by  the  military  au- 
thorities, for  homing  practice,  only  a  dozen  or  so  returned.  For  tMs  reason  it  is  stated 
(with  what  truth  is  not  known)  that  the  training  of  pigeons  at  Paris  for  military  pur- 
poses toward  the  north  has  be^  abandoned.  In  the  Sulure  here  cited,  M.  Paul  de  la 
Kue,  a  celebrated  French  £Ancier,  finds  one  of  the  strongest  confirmations  of  his  theory, 
that  the  homing  pigeon  is  guided  by  electrical  currents,  or  by  something  analogous 
thereto. 

After  carefully  weighing  all  the  arguments  advanced  by  the  various  writers  on  this 
^subject,  it  seems  reasonable  to  suppose  that  the  homing  faculty  of  the  pigeon  is  a  com- 
bination of  instinctive  love  of  home,  of  sight,  intelligence,  and  memory.  The  main- 
spring of  its  action  is  the  love  of  home.  This  feeling  exists  in  cows,  horses,  cats,  and 
•  dogs,  but  it  seems  to  be  pre-eminent  in  the  homing  pigeon.  It  is  by  no  means  uncommon 
for  the  mental  processes  of  those  animals  that  are  commonly  supposed  not  to  reason,  to 
so  nearly  resemble  reasoning  that  it  is  difficult  to  distinguish  between  them  and  the 
•operations  of  the  minds  of  confessedly  reasoning  beings.  For  example,  a  horse  carrying 
^is  rider  over  the  prairie  comes  to  cross-roads;  the  rider  is  puzzled,  does  not  laiow 
whidh  road  to  take,  and  finally  he  permits  the  horse  to  choose;  if  they  are  returning 
home  the  horse  will  almost  always  take  the  right  road.  This  is  a  very  common  experi- 
ence on  the  great  plains  of  the  West,  and  the  writer  of  this  article  can  testify  to  the 
trustworthiness  of  the  horse  under  such  circumstances.  It  is  believed  that  the  faculties 
employed  by  tiie  homing  pigeon  are  similar  to  those  exercised  on  these  occasions  by  the 
horse — ^that  is,  a  love  of  home  and  desire  to  reach  it,  the  sense  of  sight,  intelligence,  and 
memory. 

If  this  be  so,  it  would  seem  proper  that  attention  should  be  given  to  developing  these 
fiiculties  or  senses  in  the  homing  pigeon.  The  higher  they  are  developed,  the  more 
valuable  will  be  the  pigeon. 

Recognizing  the  fact  that  the  birds  are  improved  by  proper  selection  for  breeding,  and 
by  subsequent  training,  no  pains  are  spared  by  those  whose  business  it  is  ta  raise  homing 
pigeons  for  carrying  purposes  to  secure  the  best  breeds,  and  to  give  the  most  careful 
training.  The  subject  of  the  breeding  of  pigeons  is  forei^  to  the  purposes  of  this  paper, 
"but  the  following  remarks  upon  their  training  may  be  found  interesting: 

It  is  proper  to  remark  that  pigeons  will  fly  only  toward  their  homes.  The  popular 
idea  that  they  will  fly  in  any  direction  at  command  is  fallacious  and  without  foundation 
in  fibct.  In  Belgium,  the  land  of  homing  pigeons,  where  the  flying  of  birds  is  the  great 
national  sport,  they  are  flown  first,  at  the  age  of  five  or  six  months,  5  miles.  This  dis- 
tance is  regularly  increased  to  180  miles,  which  is  thought  all  they  can  well  do  the  first 
year. 

In  England,  pigeons,  at  the  age  of  two  or  three  months,  fiy  1  mile,  then  2,  then  4, 
.^bc,  the  distance  being  regularly  increased. 

Mr.  Louis  Offermans,  of  New  York  City,  a  veteran  trainer,  both  in  Belgium  and  in  this 
country,  advises  as  follows  for  young  birds:  At  three  months  of  age  loose  them  at  a  dis- 
tance of  3  miles  from  home,  at  the  cardinal  points  of  the  compass.  He  advises  that, 
having  done  this,  the  bird  be  started  in  the  direction  in  which  it  is  to  be  fiown.  The 
bird  should  be  fiown  every  other  day,  and  the  distance  increased  from  3  to  6,  from  G  to 
10,  and  from  10  to  14  miles;  then  fiights  of  24,  36,  and  48  miles  should  be  successively 
undertaken,  with  three  da^  between  fiights,  and  after  that  fiights  of  70,  100,  and  150 
miles,  with  an* interval  of  one  week;  after  three  weeks'  rest  the  season  should  be  closed 
with  a  200  miles'  fiight. 

For  the  seeond  season,  and  for  old  birds,  he  advises  as  follows:  Loose  them  3  miles 
from  home,  at  each  of  the  cardinal  points  of  the  compass;  then  6  miles;  train  in  the 
•direction  whence  it  is  desired  the  bird  shall  fly,  first  at  12,  then  at  24  miles,  with  one 
-day's  interval;  rest  them  two  days  and  send  90  miles;  nine  days  later  200  miles;  four- 
teen days  later,  275  miles;  fourteen  days  later,  375  miles;  three  weeks  later,  500  miles, 
then  closing  tJie  season. 
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It  will  be  noticed  that  this  plan  of  training  confines  the  pigeon  to  the  particular  point 
of  the  compass  whence  it  is  desired  that  he  should  fiy.  This  is  for  the  poipose  of  ac- 
quainting the  bird  with  the  path  he  is  to  travel.  This  idea  is  followed  in  training  pigeons 
for  military  purposes  at  the  garrisons  in  Europe.  In  Germany  the  pigeons  are  considered 
trustworthy  for  distances  of  from  50  to  100  miles,  if  the  breed  of  birds  is  good,  if  the 
birds  are  reared  at  the  locality  to  which  they  are  to  fly,  and  if  they  are  acquainted  with 
the  country  over  which  they  are  to  travel. 

A  flight  of  30  miles  an  hour,  sustained  for  any  length  of  time,  is  extraordinary,  though 
for  short  distances  pigeons  have  flow^n  faster  than  a  mile  a  minute. 

The  following  table  gives  a  summary  of  races,  selected  at  random,  in  1874  and  1875, 
in  France  and  Belgium: 


1874. 


Juno  7 
June  14 
June  14 
June  21 
June  28 


Yards  per 
minute. 


860 
831 

1,388 
853 

1,208 


Miles  per 
hour. 


28^ 
47i 
29 
41i 


1875, 


May  30 

June  6 
June  13 
June  20 
June  27 


Yards  per 
minute. 


Miles  per 
hour. 


G99 
1,631 
1,531 
1,476 
1,206 


To  still  better  illustrate  the  average  flight  of  birds,  twenty-one  flights  were  taken. 
The  time  of  the  flights  over  the  same  distance  varied  ijx)m  three  to  eight  hours,  the  dis- 
tance per  minute  varying  from  858  to  1,780  yards,  the  latter  rate  having  been  sustained 
for  four  and  three-fourths  hours. 

In  England  200  miles  at  a  race  is  seldom  exceeded.  In  Belgium,  the  distance  flovni 
in  the  racing  season  by  old  birds  ranges  from  200  tb  500  miles.  At  the  grand  race  of 
1868,  of  500  miles,  1,507  biids  were  entered.  The  prize  bird  flew  the  distance  in  25- 
hours,  an  average  speed  of  20  miles  an  hour.  This  bird  did  not  fly  the  25  hours  oon- 
tinuously,  but,  as  is  the  custom  of  the  pigeon,  came  down  a  little  before  dark  and  started 
again  soon  after  daybreak,  meanwhile  securing  food. 

Atmospheric  conditions  exert  a  strong  influence  on  the  flight  of  pigeons.  Birds  of  the 
best  breed,  full-grown  and  well  trained,  vdll  fly  500  miles  in  twelve  hours  in  favorable 
weather,  but  in  bad  weather  the  same  birds  will  take  two  or  three  days  to  make  the 
same  distance,  and  often  they  cannot  fly  at  all. 

In  the  United  States  the  first  attempt  to  fly  pigeons  500  miles  was  in  1878,  from  Colum- 
bus, Ohio,  to  New  York  City.  The  birds  we*e  never  heard  of  after  they  were  started. 
Next  year  (1879)  the  attempt  was  repeated  with  six  birds;  they  were  released  July  27 
and  two  of  them  arrived  in  New  York  the  next  day. 

On  June  12,  1881,  some  New  York  City  birds  were  loosened  at  Cresson,  Pa.,  the  dis- 
tance being  243  miles.  The  day  was  clear,  the  vmid  contrary,  and  the  time  of  flight  of 
the  winner  was  433  minutes,  or  an  average  of  988  yards  a  minute.  On  June  14th,  with 
a  favorable  wind  and  foggy,  cloudy  weather,  with  occasional  sudden  and  severe  thunder- 
storms, the  winner  passed  over  this  same  course  at  the  rate  of  1,296  yards  a  minute.  The 
birds  are  generally  practiced  over  this  course  by  easy  stages  and,  therefore,  they  are  very 
familiar  with  the  country. 

On  June  28,  1878,  the  New  York  pigeons  were  flovm  from  Steubenvil]^,  Ohio,  341 
miles.  The  winner  made  the  distance  home  in  eight  hours  and  eighteen  minutes,  or  at 
the  rate  of  1,205  yards  a  minute. 

In  1868  the  experiment  of  flying  birds  from  Rome,  Italy,  into  Belgium,  was  tried. 
The  distance  is  900  miles.  Five  hundred  miles  of  this  country  was  unknown  to  the 
birds.  Of  the  two  hundred  loosened  but  twenty  returned,  the  shortest  time  made  being  13} 
days.  As  the  Alps  stood  in  the  line  of  flight,  and  as  the  birds  must  have  flown  around 
the  mountains,  it  is  a  wonder  that  any  of  them  returned.  It  is  doubtful  if  this  experi- 
ment did  jmy  good.  It  proved,  indeed,  that  the  homing  pigeon  is  endowed  to  a  wonder^ 
ful  degree  with  the  faculty,  whatever  it  is,  which  directs  its  flight  toward  home,  but 
that  only  one  pigeon  of  ten  returned  to  its  lofb  is  certainly  not  enconra^g. 

In  Europe  the  homing  pigeon  is  carefully  bred  and  trained,  with  a  view  of  perfecting 
its  good  qualities.  There  are  many  socities  in  Belgium  and  France  for  training  pigeons 
for  the  annual  races,  which  are  a  national  pastime  in  each  country.  As  may  be  sup- 
posed, this  training  is  attended  with  trouble  and  expense.  One  plan  is  this:  A  man  ia 
sent  with  the  baskets  containing  the  birds;  he  feeds  them,  looks  out  for  their  welfare, 
and  releases  them  at  the  proper  time,  and  in  the  proper  manner.  Another  plan  is  to 
send  the  pigeons,  properly  labeled,  in  care  of  the  express  and  station  agents,  who  attend 
to  the  wants  and  flight  of  the  birds.  The  first  plan  is  the  more  expensive,  but  it  has  so 
many  advantages  that  it  is  generally  resorted  to  in  important  cases,  and  generally  when 
the  owners  of  the  pigeons  can  afibrd  the  expense. 
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There  are  many  societies  in  the  United  States  devoted  to  the  raising  and  training  of 
the  homing  pigeon.  They  constitute  the  *  *  Federation  of  Homing  Pigeon  Societies  of  the 
United  States. » »  Among  these  are  *  *  The  Red  Star  Pigeon  Cluh, '  *  of  Philadelphia,  Pa. ; 
**The  Albany  County  Homing  Club,"  of  New  York;  ^*The  New  York  Homing  Pigeon 
Club,''  and  ^'The  Old  Dominion  Homing  Pigeon  Club,"  of  Alexandria,  Ya. 

In  addition  to  the  work  done  by  civil  societies,  many  European  governments  train 
pigeons  for  military  purposes.  The  Russian  minister  of  war  has  ordered  the  expendi- 
ture of  $10,000  for  pigeon  training  in  Warsaw  and  Eieff  alone.  Large  numbers  of 
*  *  homera ' '  are  kept  systematically  trained  at  both  places.  Several  officers  have  become 
very  expert  in  the  management  of  the  birds,  and  two  have  lately  been  especially  honored 
for  their  eneigy,  and  for  arranging  rules  for  the  employment  of  pigeons  during  war.  In 
Germany  and  fiance,  also,  the  training  of  pigeons  for  military  purposes  is  carried  on. 
Pigeons  are  also  used  in  Turkey.  In  fSctj  all  nations  of  Europe  seem  to  recognize  that 
homing  pigeons  can  be  used  advantageously  in  war,  and  all,  in  greater  or  less  degree, 
devote  time  and  money  to  keeping  their  pigeons  in  training  and  to  improving  their  stock. 

In  the  United  States,  so  far  as  the  writer  is  aware,  there  has  been  but  one  experiment 
with  pigeons  made  under  the  patronage  of  Government  officials.  In  1878  the  Signal 
Office  purchased  some  pigeons  of  Mr.  Thomas  Gist,  Philadelphia,  Pa.,  and  sent  them  to 
Col.  Nelson  Miles,  Fifth  Infantry,  in  Dakota.  Colonel  Miles  tried  to  train  and  use  the 
birds,  but  without  success.  This  was  doubtless  due  to  many  causes.  The  birds  might 
not  have  been  of  the  best  and  most  trustworthy  breeds;  the  trainer  may  not  have  been 
conversant  with  his  duties;  the  systematic  exercise  of  the  pigeons  may  have  been  either 
neglected  or  improperly  carried  on.  Either  of  these  causes  would  prove  fatal  to  success. 
In  addition  to  these  possible  drawbacks.  Colonel  Miles  speaks  of  a  species  of  hawk,  com- 
mon to  that  region,  which  most  persistently  hunted  down  the  pigeons,  in  many  cases  kill- 
ing them  before  they  could  regain  their  lofls. 

It  may  be  considered  as  an  established  &ct  that  the  military  authorities  in  the  United 
States  will  not  devote  either  time  or  money  to  extensive  experiments  with  homing 
pigeons  until  it  can  be  made  more  apparent  that  the  birds  can  be  advantageously  em- 
ployed. The  most  inviting  field  for  action  would  be  the  Indian  country  of  the  West; 
yet  it  is  extremely  doubtful  if  the  best  breed  of  the  birds  would  be  so  usefhl  as  to  compen- 
sate for  the  trouble  of  training  and  caring  for  them.  That  they  may  be  of  practical  use 
it  is  necessary  that  the  birds  be  of  the  finest  strain;  that  they  be  carefully  and  system- 
atically trained,  and  that  they  become  acquainted  with  the  ground  over  which  they  fiy. 
Take  the  best  bird  into  the  Indian  country,  establish  a  lofl  at  one  of  our  militaiy  posts, 
then,  without  previously  training  him,  carry  the  pigeon  a  hundred  miles  into  the  mount- 
ains or  bad-lands,  and  turn  him  loose;  the  chances  are  very  great  that  he  will  never  be 
heard  of  again.  It  will  readily  be  understood  that  it  will  be  impossible  to  give  the 
pigeons  the  careful  and  elaborate  training  that  fimders  assert  is  necessary.  It  may  be 
assumed  that  no  occasion  will  arise  when  soldiers  in  a  hostile  country  will  not  have 
enough  to  do  without  carrying  pigeons  distances  of  from  five  to  fifty  miles  for  training 
purposes.  The  plan  now  recommended  by  fanciers  who  have  given  the  subject  study  is  that  • 
each  bird  be  trained  in  the  direction  in  which  he  is  to  fiy ;  then  he  will  know  the  cotin- 
try.  It  is  impossible  to  rely  upon  such  a  system  in  our  Indian  country.  Hoiy  can  a 
scouting  party,  starting  out  toward  the  north,  know  but  that  the  next  day  they  will  be 
a  hundred  mUes  south  of  their  post?  If  they  had  taken  their  pigeons  trained  only  for 
flight  from  the  north,  of  what  service  could  they  be?  In  one  word,  so  far  as  the  writer 
of  this  paper  can  judge,  there  is  no  benefit  to  be  derived  from  training  pigeons  in  the  In- 
dian country  at  all  commensurate  with  the  trouble,  the  labor,  and  the  expense  involved. 
Along  the  seaboard  and  in  the  interior,  excluding  the  Indian  country,  it  is  different. 
In  most  of  the  cities  of  the  seaboard  there  are  many  birds  that  could  be  procured  for 
training  for  military  purposes,  and  the  railroads  and  steamboats  afford  facilities  for  train- 
ing. I 

No  branch  of  the  army  is  so  well  equipped  for  this  kind  of  work  as  the  Signal  Service. 
Its  agents  are  scattered  at  reasonably  short  intervals  all  over  the  interior  and  along  the 
seaboard.  They  are  intelligent  men,  and  would  serve  admirably  in  the  necessary  office 
of  custodians  for  the  pigeons,  and  would  see  that  they  were  properly  taken  care  of  and 
properly  fiown. 

After  the  views  expressed  above  as  to  the  questionable  utility  of  pigeons  for  carrying 
purposes  in  time  of  war,  it  seems  unnecessary  to  present  a  detailed  plan  for  a  military 
pigeon  service.    If  one  be  desired,  however,  the  demand  can  be  complied  with. 

All  of  which  is  respectfully  submitted. 

WM.  E.  BIRKHIMER, 
First  Lieuienantf  Third  ArtiUery^  Acting  Signal  Ojficer. 

May  13,  1882. 
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list  of,  famished  during  the  year 

from  stations,  prepared  for  publication 

Decision  of  Supreme  Court, 

on  admission  of  signal-service  records  as  evidence 
Dew-point, 

monthly  and  annual  mean 

referring  to  tables  for  derivation  of 

Display  stations, 

relative  to 

Drills, 

at  Fort  Myer '. . 

Earth  temperatures, 

observations  of 

Electricity,  atmospheric, 

proposed  observations  of 

lecture  ou 

extracts  relative  to 

Elevations, 

of  si^al-service  stations 

relating  to  revision  of 

lecture  on 

barometric  determination  of 

Enlisted  men  of  the  Sienal  Corps, 

selected  after  careful  examination 

required  to  pass  a  course  of  preliminary  training  . 

famished  with  *< hand-book  for  the  Signal  Corps" 
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Subject. 
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Enlisted  xneD  of  the  Signal  Corps— Continued. 

description  of  course  of  instruction  of 

instructed  as  assistants  to  observers 

Entomological  commission, 

co-operation  of  sicnal  service  with ^ 

Equations,  differential, 

lecture  on ^ 

Errors,  facility  of, 

lecture  on , 

Essays  on  meteorological  subjects, 

rewards  to  be  offered  for 

Ethnology  of  Alaska, 

report  on 

Evidence  in  court, 

use  of  signal'Service  records  as , 

Examinations, 

for  enlistment  in  Signal  Corps 

Examiner  ot  accounts, 

duties  performed  by 

Exhibitions,  international, 

awards  conferred  on  signal  service  at 

Expeditions, 

to  Arctic  regions 

to  Mount  Whitney , 

Farmers'  Bulletin, 

publication  of,  at  stations 

weather  chart  to  be  published  with 

Fish  commission, 

co-operation  of  signal  service  with 

Floods  of  Mississippi  Biver, 

preparation  of  reports  on , 

Floods  of  March,  1862, 

report  on i. ......  ., 

Flood-warnings, 

more  detailed  system  proposed , 

.  urestry  convention, 

signal  service  presented  at 

Forms,  132  A  and  B, 

from  signal-service  stations 

Fort  Myer, 

school  of  instruction  at 

military  drills  and  duties  at ^ 

commanding  officer  in  charge  of  all  instruction  at 

practice-telegraph  line  and  sea-coast  loop 

improvement  in  quarters  of  enlisted  men 

course  of  lectures  delivered  at 

report  of  commanding  officer  at 

officers  instructed  at 

enlisted  men  instructed  at 

Freshets, 

list  of,  prepared 

Frosts, 

dates  of  first,  at  signal-service  stations 

Frost-warnings, 

for  benefit  of  sugar,  tobacco,  and  fruit-growing  interests 
Functions,  periodic, 

lecture  on 

Geography  of  Alaska, 

report  on 

Geometry, 

lecture  on 
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Subject. 


Gradaates  of  colleges, 

enlisted  for  Signal  CorpB 

''Graphic"  charte, 

pablicat i on  of. 

relative  to  cipher  used  in  transmission  of 

Grain  interests  in  the  Northwest, 

proposed  system  of  reports  for  benefit  of. 

lecture  on 

*'  Hand-book  for  the  Si^al  Corps,'' 

fumisbed  to  enlisted  men 

Heliograph, 

experiments  with 

report  on 

High  stations, 

result  of  nourly  observations  at 

Homing  pigeons, 

use  of,  for  military  purposes  

Humidity,  relative, 

monthly  and  annual  mean ^... 

lecture  on 

Hurricanes, 

lecture  on 

Hygrometers, 

lecture  on 

Ice, 

chart  of  limits  of,  in  North  Atlantic 

Indications, 

percentages  of,  verification  of 

.  special,  issued  in  interests  of  canal  navigation . 

system  of,  for  Pacific  coast 

''Indications''  Division, 

officers  available  for  work  in 

worked  performed  in 

charts  prepared  in 

Insolation, 

lecture  on 

Inspection  of  stations,  ' 

should  be  performed  by  instructed  officers 

comparatively  suspended 

report  on 

Inspectors, 

duties  of 

two  officers  should  be  detailed  as 

limited  number  of  officers  available  for  duty  as 

stations  inspected  by 

Instructions  to  voluntary  observers, 

furnished  for  use  of  State  weather  services  .... 
Instruction, 

course  of,  at  Fort  Myer,  has  been  extended.... 

description  of  course  of 

of  officers  at  Fort  Myer 

Instructor  at  Fort  Myer, 

embarrassment  caused  by  changing 

recommending  detail  of  officer  as 

Instrument  room, 

work  performed  in 

Instruments,  standard, 

adopted  by  the  signal  service :... 

Instruments  and  methods, 

lecture  on 
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International  Bolletin  and  Charts, 

publication  of 

copy  of  January  1, 1881 

International  simultaneous  reports, 

list  of  countries  co-operating  in  system  of 

list  of  steamship  lines  co-operating  in  system  of. 

list  of  merchant  vessels  co-operating  in  system  of 

Lady  Franklin  Bay, 

expeditions  to 

action  of  Congress  relative  to  establishment  of  station  at. ... . 
Latitude, 

lecture  on 

of  signal-service  stations.. 

Lectures, 

delivered  at  school  of  instruction 

members  of  Signal-Corps  stationed  near  colleges  to  attend 

on  meteorology  deliverod  during  the  year 

delivered  by  commissioned  officers 

on  instruments  and  methods  delivered  during  the  year 

on  practical  astronomy  delivered  during  the  year 

on  mathematics  delivered  durinsr  the  year 

Library,  office  of  the  Chief  Signal  C&cer, 

additions  to  and  rearrangement  of 

Locusts,  Bocky  Mountain, 

operations  and  reports  relative  to 

Logarithms, 

lecture  on 

Longitude, 

lecture  on , 

of  signal-service  stations .'. 

Magnetic  apparatus, 

lecture  on 

Magnetism,  terrestrial, 

lecture  on 

Marine  Division, 

purposes  for  which  established 

Manoe  agents  and  reporters, 

duties  performed  oy 

Mathematics, 

lectures  on 

Measurements,  celestial, 

lectures  on 

Merchant  vessels, 

list  of,  from  which  reports  have  been  received 

Meridian,  determination  of, 

lecture  on 

Meridian,  prime, 

recommending  consideration  of  subject  of ^ 

Methods,  graphic, 

lecture  on 

Methods,  relative  accuracy  of, 

lecture  on 

Meteorological  committees, 

appointed  by  commercial  and  other  organizations 

Meteorology, 

lectures  on 

study  of,  should  be  encouraged 

Meteorological  data, 

fumisned  to  applicants 

prepared  for  publication 

Meteorological  instruction, 

preparation  of  text-book  for b 
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Parti. 


Paat  n. 


Military  Committee  of  House  of  BepreaentatiTes. 

report  of,  on  bill  for  organization  of  Signal  Corps. 
Military  duties  of  Signal  Corps, 

performed  in  accordance  with  regulations 

Military  posts, 

list  of,  from  which  reports  hare  been  received  ... 
Military  signalling, 

value  of,  in  time  of  war 

by  means  of  sun  flashes 

use  of  balloon  for 

Military  telegraph  lines, 

construction,  operation,  and  maintenance  of .. ... 

value  of  meteorological  reports  from  stations  on.. 

in  the  Department  of  the  Columbia 

In  the  Department  of  Dakota 

in  the  Department  of  Missouri 

in  the  Department  of  Arizona 

in  the  Department  of  California 

in  the  Department  of  Texas 

abandoned  and  constructed 

Monthly  mean  of  simultaneous  observations, 

poblication  of 


copy  of,  for  January,  1882. 
lb 


Monthly  Weather  Review, 

publication  of 

charts  published  with 

copy  or,  for  July,  1881 

copy  of,  for  August,  1881 

copy  of,  for  September,  1881 

copy  of,  for  October,  1881 

copy  of,  for  November,  1881 

copy  of,  for  December,  IftJl 

copy  of,  for  January,  1882. 

copy  of^  for  February,  1882 

copy  of,  for  March,  1882 

copy  of^  for  April,  1882 

copy  or,  for  May,  ISftJ 

copy  of,  for  June,  1882 

Motions  of  heavenly  bodies, 

lecture  on 

Mount  Whitney, 

observations  of  solar  radiation  on 

recommendiog  establishment  of  militiuy  reservation  on 

report  on  expedition  to « 

New  York  Herald  weather  service, 

co-operation  of,  with  signal  service ^ 

New  York  Maritime  Register, 

co-operation  of,  with  signal  service 

charts  of  V\  eather  Review  reproduced  in 

New  York  Nautical  Gazette, 

co-operation  of,  with  signal  service 

New  York  Graphic, 

publication  of  daily  weather  chart  in 

"Northers,". 

system  of  warnings  of  approach  of 

Northwest  signals, 

percentage  of.  J  ustified 

Observations  at  elevated  places, 

lecture  on 

Observers, 

d  n ties  of ,  on  station 
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Office  of  the  Chief  Signal  Officer, 

insufficiency  of  roroe  employed  at 

number  of  reports  reoeiyed  at , 

communications  sent  and  received  at 

Correspondence  and  Records  Division 

examiner  of  accounts 

Proi>erty  and  Disbursing  Division 

Stations  Division 

Telegraph  Division 

Indications  Division 

Study  Room  Division 

library 

publication  of  professional  papers  and  signal-service  notes.. . 

fifty  additional  clerks  recommended 

Review  and  Bulletin  Division 

Marine  Division 

Printing  Division 

Instrument  Room 

Office  building, 

construction  of,  recommended  for  Signal  Office 

Officers, 

available  for  ''indications''  work 

required  for  administrative  work 

required  for  inspection  duty 

instruction  of,  at  Fort  Myer 

recommending  detail  of,  as  instructor  at  Fort  Myer 

list  of,  instructed  during  the  year 

Off  shore  signals, 

percentage  Justified 

Organization  of  Signal  Corps, 

at  present  defective,  should  be  permanent 

report'  of  Militory  Committee  of  House  of  Representatives  on 

bill  for ; 

Pacific  coast, 

system  of  weather  forecasts  for 

Permanent  organization, 

of  Signal  Corps,  relating  to • 

Phenomena,  {leriodicity  of, 

lecture  on 

Places  recommended  for  stations, 

list  of,  and  by  whom  recommended 

Point  Barrow, 

expedition  to 

Polar  observations, 

co-operation  of  signal  service  in  international  system  of 

study  room  intrusted  with  special  instruction  for 

importance  of  continuing 

co-operation  of  Coast  Survey  Service  in 

Polar  stations, 

scientific  outfit  of 

Precipitation, 

monthly,  at  third-class  stations 

monthly  at  stations  in  Alaska 

annual  and  mean  annual  at  signal-service  stations 

monthly  and  annual,  at  signal-service  stations 

monthly,  at  military  posts 

monthly,  at  voluntary  stations 

monthly,  comparative,  at  signal-service  stations 

average,  for  toe  States  and  Territories 

average,  of  the  geographical  districts 

monthly  and  annual,  at  stations  on  the  Central  Pacific  and 
Southern  Pacific  railroads 
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Pressare, 

of  the  air,  lecture  on 

areas  of  high,  lecture  on ; 

Prime  meridians, 

recommending  consideration  of  the  subject  of 

Printing  Division, 

work  porfomied  in , 

Problems,  special, 

lecture  on 

Professional  Papers, 

publication  of 

Property  and  Disbursing  Division, 

work  performed  in 

Property  retoms* 

examination  of,  at  office  of  Chief  Signal  Officer 

Publications  of  the  signal  service, 

receipts  from  the  sale  of 

.  sale  ofy  authorized  bylaw 

Quarters, 

of  enlisted  men  at  Fort  Myer,  improvement  in 

Kailroad  companies, 

list  of,  co-operating  in  railway  bulletin  service 

co-operation  of,  in  system  of  '*  norther  "  warnings 

Hallway  bulletins, 

relating  to  display  of 

£ain, 

lecture  on 

Buin  bands, 

observations  of.. » 

Sainfall,  i 

monthly,  at  third-class  stations 

monthly,  at  stations  in  Alaska 

annual  and  mean  annual,  at  signal-service  stations 

monthly  and  annual,  at  signal-service  stations 

monthly,  at  military  posts 

month!)',  at  voluntary  stations 

monthly  comparative,  at  signal-service  stations 

average,  of  the  States  and  Territories 

average,  of  the  geographical  districts 

monthly  and  annual,  at  stations  on  the  Central  Pacific  and 

Southern  Pacific  railroads I  

Becords  of  the  signal  service,  - 

furnished  to  persons  interested  in  study  of  meteorology 

S reduced  as  evidence  in  court 
ecision  of  the  Supreme  Court  in  regard  to 

not  to  be  produced  in  conn  without  authority  of  the  Secretary 
of  War 

list  of,  furnished  during  the  year,  and  to  whom 

Becord,  tri-daily  meteorological  publication  of,  to  l>e  resumed  . . . 
Belative  humidity, 

leeture  on 

monthly  and  annual  mean 

Belief  expeditions, 

sent  to  Arctic  stations *. 

Beport  of  convention  of  agriculturists, 

relative  to  value  of  signal  service 

Beports, 

for  benefit  of  cotton,  tobacco,  fruit,  and  grain  interests 

of  "northers'* 

number  of,  received  at  office  of  Chief  Signal  Officer 

international  simultaneous,  relating  to 
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ReservatioD,  military, 

recommendiDg  establiBhment  of,  on  Mount  Whitney,  Cal. ... 
Resolutions, 

adopted  by  cotton  exchanges 

Review  and  Bulletin  Division, 

work  performed  in 

Rewards, 

to  authors  of  essays  on  meteorological  subjects 

River  oscillations, 

value  of  charts  of 

River  service, 

continuation  of 

more  detailed  system  of,  proposed., 

Rivers, 

''danger  lines"  on 

relating  to  list  of  freshets  on 

highest  and  lowest  stage  of,  at  signal- service  stations 

report  on  floods  in,  of  March,  1882 

Rooky  Mountain  locusts, 

collection  of  data  in  reference  to  

Sale  of  publications, 

amount  received  from 

authorized  bylaw 

School  of  Inetruction^  Fort  Myer, 

has  been  reorganized' and  the  course  extended 

military  duties  and  instruction  at 

course  of  lectures  delivered  at i 

instruction  of  officers  at 

recommending  detail  of  an  officer  as  instructor  at 

Scientific  Schools, 

members  of  Signal  Corps  stationed  near,  to  attend  lectures 

at 

Sea-coast  telegraph  lines, 

operation  of 

cables  on i 

temporary  wreck-stations  on 

weather  reports  to  be  signalled  to  passing  vessels 

Sea-coast  telephone  line, 

used  in  communicating  with  life-saving  stations 

Sextants, 

lecture  on 

"  Shipmasters'  Weather  Code," 

published  with  code  of  ''Danger  or  Distress  Signals" 

Signal  Corps, 

relating  to  permanent  organization  of 

enlisted  force  of  an  unusually  high  character 

examinations  for  enlistment  in 

military  duties  of 

at  Torktown  centennial  celebration 

legislation  relating  to,  and  legal  status  of 

Signal  Service, 

benefits  derived  from 

Signal  Service  Notes,        • 

publication  of,  at  office  of  Chief  Signal  Officer 

Simultaneous  reports, 

co-operation  in  system  of,  by  foreign  countries 

steamship  lines  co-operating  in  system  of 

lists  of  merchant  vessels  having  made 

Snow, 

lecture  on 

Solar  radiation, 

observation  of 
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Special  bullctios, 

famished  the  preeseoch  day 

Spectroscope, 

observations  with 

Standard  instraments, 

nsed  by  the  signal  service 

Statement  of  costs, 

of  signal  service 

of  signal-service  stations 

State  weather  services, 

-  organization  and  object  of 

snpplied  with  **  Instructions  to  voluntary  observers  " 

report  on ;... 

Stations  division, 

work  performed  in 

Stations, 

cost  of  maintaining ^ 

number  of  each  class  in  operation 

established  and  discontinued 

in  Alaska,  increase  in  number  of 

classified  list  of 

inspection  of 

duties  of  observers  at 

display^  relating  to 

in  Arctic  regions 

list  of  inspected 

voluntary  and  observers'  addresses 

Storms, 

lecture  on 

Storm  signals, 

display  of 

percentages  justified 

Storm  warnings, 

telegraph^  to  Canadian  stations 

of  dangerous  storms  from  the  West  Indies 

Saint  Michael's,  Alaska, 

meteorological  and  other  phenomena  observed  at 

Study  room, 

duties  performed  in, 

miscellaneous  information  compiled  in 

Sugar  interests, 

frost  warninffs  for  benefit  of 

Summary,  annual, 

at  signal-service  stations 

Summary,  monthly, 

of  simultaneous  observations,  publication  of 

copy  of,  for  January,  1882 \ 

Sun  flashes, 

signallibg  by  means  of 

Sun  spots, 

lecture  on 

Supreme  Court, 

decision  of,  relative  to  admission  of  signal-service  records  as 

evidence 

Tables, 

for  barometric  correction,  referring  to 

for  derivation  of  dew-point,  referring  to 

Telegraph  division, 

work  performed  in 

Telegraphic  circuits, 

(Uicription  of 
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Part  II. 


Telegraph  line,  field, 

operated  by  Signal  Corps  at  Yorktown  celebration 

Telegraph  lines,  military, 

construction,  operation,  and  maintenance  of 

yalne  of  meteorological  reports  from  stations  on 

in  Department  of  the  Colombia 

in  Department  ofDakotSk 

in  Department  of  the  Missouri 

in  Diepartment  of  Arizona 

in  Department  of  California 

in  Department  of  Texas 

abandoned  and  constructed 

Telegraph  lines,  sea-coast, 

operation  of 

cables  on 

temporary  wreck-stations  on 

weather  reports  to  be  signalled  to  passing  vessels 

Telephone  line,  soa-coast, 

used  in  communicating  with  life-saving  stations 

Temperatures, 

of  the  water,  observations  of 

of  the  earth,  observations  of 

lecture  on 

variation  of,  lecture  on* 

distribution  of,  lecture  on 

annual  and  mean  annual  at  si^pal-service  stations 

monthly  and  annual  mean  at  signal-service  stations 

monthly  mean  at  military  posts 

monthly  mean  at  voluntary  stations 

comparative  mean  at  signal-service  stations 

mean  of  the  States  and  Territories ' 

mean  of  the  ideographical  districts ! 

mean  at  stations  on  the  Central  Pacific  and  Southern  Pacific  ' 
railroads 

maximum  and  minimum  at  sisnaal-service  stations 

maximum  and  minimum  at  muitary  x>osts 

maximum  and  minimum  at  voluntary  stations 

maximum  and  minimum  at  stations  of  the  Central  Pacific 
and  Southern  Pacific  railroads 

maximum  and  minimum  at  third-class  statious 

maximum  i*ud  minimum  at  stations  in  Alaska 

highest  and  lowest  in  winter  in  each  State  and  Territory . . . 

highest  and  lowest  ever  recorded  at  signal-service  stations  . 
Text-book  for  meteorological  instruction, 

relating  to  proposed  preparation  of T 

Thermometers, 

lecture  on ^ 

Thermodynamics, 

relating  to , 

Time, 

lecture  on 

Time-balls, 

distribution  of  standard  time  by  means  of 

lecture  on 

Time-sigoals, 

lecture  on 

Tobacco-growing  interests, 

frost  warnings  for  benefit  of 

Tornadoes, 

lecture  on 

destiiictive  forces  attending 
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Transit  instmments, 

lootnre  on 

Transit  observations, 

lectoreon 

Tri-daily  meteorological  record, 

publication  of,  to  be  resumed 

Trigonometry, 

lecture  on 

''Useful  information  to  shipmasters," 

circulation  of  pamphlet  entitled 

Vapor,  aqueous, 

lecture  on , 

Verifications  of ' '  Indications," 

I)ercentage  of 

Vessels, 

weather  conditions  signalled  to,  from  sea-coast  stations 

reported  when  passing  certain  sea-coast  stations 

barometers  of,  compared 

list  of,  from  which  reports  have  been  received 

Voluntary  observers, 

list  of ., 

Water,  stage  of, 

highest  and  lowest  at  signal-service  stations 

Water  temperature, 

continuation  of  observations  of 

West  Indies, 

warning  of  approach  of  dangerous  storms  from 

lecture  on 

prevailing  at  signal-service  stations 

most  likely  to  be  followed  by  rain  or  snow  at  signal-service 
stations 

least  likely  to  be  followed  by  rain  or  snow  at  signal-service 
stations 

most  likely  to  be  followed  by  rain  or  snow  in  the  several  dis- 
tricts   

least  likely  to  be  followed  by  rain  or  snow  in  the  several 
districts  

prevailing  at  stations  on  the  Central  Pacific  and  Southern 

Pacific  railroads 

Wrecks, 

reported  from  sea-coast  stations 

Torktown  Celebration, 

duties  i)erformed  by  Signal  Corps  in  connection  with 

Zoology  of  Alaska, 

report  on 
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Chart  No.  1. 

Mean  annual  iflotherms. 

Chart  No.  2. 

Difference  b^ween  highest  and  lowest  mean  monthly  temperatures,  and  highest 
and  lowest  ohsenred  temperatureSi  from  1874  to  1879. 

Chart  No.  3. 

Mean  monthly  relativo  humidity  during  July,  1877. 

Chart  No.  4. 

Difference  between  mean  monthly  temperatures  determined  from  the  local  and 
the  telegraphic  observations. 

Chart  No.  5. 

Isobars  for  the  month  of  Jannarr. 

Chart  No.  6. 

Isobars  for  July. 

Chart  No.  7. 

Mean  monthly  isobars  for  the  United  States  during  December,  1881. 

Chart  No.  8. 

Mean  annual  isobars,  United  States,  1881.  * 

Chart  No.  9. 

Direction  of  motion  of  upi>er  clouds  in  the  United  States, 4.35  p.  m.,  Washington 
time,  April  28, 1877. 

Chart  No.  10. 

Mean  annual  precipitation  over  the  United  States. 

Chart  No.  11. 

Storm  of  December  5, 1880 ;  isobars,  7  a.  m.,  Washington  time. 

Chart  No.  12. 

Hurricane  in  the  West  Indies,  October  1, 1866, 8  p.  m. 

Chart  No.  13. 

Isodynamic  lines,  1887-1840. 

Chart  No.  14. 

Diurnal  range  of  air-pressure,  January. 

Chart  No.  15. 

Diurnal  range  of  air-pressure,  July. 

Chart  No.  16. 

Is  same  as  chart  No.  6.    April  Monthly  Weather  Reyiew.    See  Part  II. 
Chart  No.  17. 

Showing  temperature,  pressure,  and  wind  direction,  as  given  in  International  Bul- 
letin of  January  1, 1881. 

Chart  No.  18. 

Showing  mean  temperature,  pressure,  and  preyailing  wind  directions  for  January, 
1881. 

Chart  No.  19. 

Approximate  isobars  for  May,  1881. 

Chart  No.  20. 

Approximate  pressure  of  the  air  at  sea-level  throughout  the  course  of  the  balloon, 
snown  by  dotted  lines. 

Charts  Nob.  21  and  02. 

Showing  change  in  temperature  noted  during  balloon  voyage,  and  topographical 
features  of  country  over  which  balloon  passed. 

Chart  No.  23. 

Military  telegraph  lines  of  the  Signal  Service. 
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Chart  No.  24. 

District  map,  showing  the  limits  of  geographical  districts  named  in  the  Indications 
of  the  Signal  Serrice. 

Charts  No8,  25-37. 

Show  river  oscillations  for  the  year  ending  Jane  30, 1882. 

Charts  No9.  38-60. 

Showing  geographical  distribntion  of  rainfall  in  the  United  States,  will  be  fonnd 
in  Professional  Papers,  No.  9,  of  the  Signal  Service.  Not  republished  in  AnnnaJ 
Report. 

Chart  No.  51. 

Showing  international  meteorological  stations  and  international  polar  stations. 

Chart  No.  b2. 

Railroads  co-operating  with  the  Signal  Service  in  distributing  warnings  of  north- 
ers. 

Note. — The  charts  of  the  Monthly  Weather  Reviews  in  Part  II  retain  their  original 
numbers,  and  are  not  numbered  in  this  series. 
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